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THE PLANE-TABLE 



TOPOGRAPHICAL SURVEYING. 



The following description of the plane-table, and notes 
upon its use, in the shape in which it is at present; em- 
ployed upon the Coast Survey, are given as the results 
of a long experience of its good qualities on that work. 
Being the instrument best adapted to topographical 
purposes, it is desired to supply information not to be 
found in the very inadequate notices given of it in most 
American and Englisji works, and to furnish topographi- 
cal surveyors with a practical manual of its use. This 
paper may seem, in some cases, somewhat ampUfied. but 
those more familiar with the instrument will overiook 
details intended for the benefit of beginners. 

The invention of the plane-table is ascribed to Prjetorius 
in 1537, but the first published description appears to 
be that of Leonhard Zubler, in 1625, who ascribes the 
"beginning" of the instrument to one Eberhart, a stone- 
mason. From this time forward it has received successive 
improvements, chiefly from the Germans and French, until 
it has reached its present form, which seems to be in 
; with the existing state of science. 
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4 THE PLANE-TABLE AND ITS USB IN 

Description. — Topography is a more or less detailed 
representation, in the form of a map, of a certain area 
of ground, on a specified scale or proportion of nature, 
mechanically constructed by the measurement of angles, 
direct Unear measurement, and tangential lines. In plane- 
table practice these are drawn in pencil upon the paper. 
which is spread upon the table, and the details are filled 
in according to established conventional signs. The work 
is so conducted that the required figure is obtained in the 
field at once by the simultaneous measurement and plot- 
ting of the angles ; and while it is done with as much 
accuracy as it could be plotted with a protractor, errors of 
transfer are avoided and much time saved. 

The plane-table at present in use by the Coast Survey 
(see Plate No. 1) is composed of a well-seasoned drawing 
board, with bevelled or rounded edges about thirty inches 
in length, twenty-four in width, and three-quarters of an 
inch thick. It is commonly made of several pieces of 
white pine, tongued and grooved together, with the grain 
running in different directions to prevent warping. It is 
supported upon three strong brass arms, tO which it is 
fastened by screws passing through them and entering the 
under side of the board, the three holes for the reception 
of the screws being guarded by brass bushings let into the 
wood, and situated equidistant from each other and from 
the centre of the table. By means of these screws the 
board can be removed at will. The arms rest upon the 
sloping upper face of a conical plate of brass, to which 
they are permanently fixed. Upon its lower edge or peri- 
phery this cone is fashioned into a horizontally projecting 
rim, the inferior face of which is as nearly as possible a 
perfect plane, and this in its turn rests upon a correspond- 
ing rim of a somewhat greater diameter, projecting slightly 
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beyond it. This second rim forms the upper and outer 
flange of a circular metal disk in the form of a very shal- 
low cylinder. The inferior face or plane of the upper 
flange or rim has, at its contact with the superior face of 
the lower, a horizontal rotatory movement about a common 
centre, which is the centre also of the instrument, and the 
two are held together by means of a solid conical axis of 
brass extending upwards from the centre of the inner face 
of the lower disk. A socket of similar shape fits exactly 
over this axis, projecting downward from the inner side of 
the apex of the conical or upper disk. The two plates 
are held together by means of a mill-headed screw capping 
the cone from the outside, and which can be loosened or 
removed at pleasure. 

A clamp fastened to the edge of the upper rim permits, 
when loose, the revolution of the table about its centre, 
and, when clamped to the lower limb, holds the table firm, 
while a tangent screw gives a more delicate move- 
ment. 

Three equidistant vertical projections of brass grooved on 
the under side, and cast in one piece with the under face of 
the lower disk, extending from the periphery towards the 
centre, rest upon the points of three large screws which 
come through a heavy wooden block below. This block, 
which is the top of the stand and is approximate in form 
to an equilateral triangle, is made of three pieces or hori- 
zontal layers, and is two and-a-quarter inches thick and 
very strong. 

The three screws last mentioned have large milled heads, 
are quite stout, and play through the block from below by 
means of brass female screws let into It. They are the 
levelling screws of the instrument, and are equidistant 
from its centre. 
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Upon the under side and centre of the lovrer metal disk 
is a socket containing a ball with a brass ai-m, which pro- 
jects through the centre of the block from beneath. The 
lower end of the arm is threaded, and upon it plays a 
female screw with a large milled head, which can be re- 
laxed or tightened at pleasure. This screw clamps the 
whole upper part of the instrument to the stand ; it is 
loosened only before levelling, and kept securely clamped 
at all other times. 

The block is supported upon three legs, and with them 
forms the tripod or stand of the instrument, the legs being 
of such a length as to bring the fable to a convenient 
height for working, and so arranged as to be taken off at 
will, or closed so that their iron-shod and pointed ends can 
be brought together or moved outward, as may be required. 
For lightness the legs are generally made open through 
the middle of their length, though sometimes they are 
solid, and each one is fashioned at the top into a cylindri- 
cal form with an outer flange, the cylinder fitting into a 
groove on the under side and near the edge of a truncated 
vertex of the block. The flange, by coming in contact 
with the lower edge of the block, prevents a too great 
spread of the legs. A brass screw, connected at right 
angles with the middle of a movable bolt which runs 
through the axis of the cylindrical head of the leg, 
and projecting through a hole in the block, is fastened 
above by a female screw with a large milled head. 

A pair of compass sights or a watch telescope has some- 
times been attached to the under side of the board of the 
plane-table. When the table has been put "in position," 
the watch telescope is directed to some well-defined object, 
and by after reference to itanymovement which may have 
taken place, out of position, in the table during its use, can 



dhy Google 



TOPOQEAPHICAX SURVEYING. 7 

be detected and adjusted. This, however, is but a com- 
plication of the instrument, and the same purpose can be 
more readily served by the alidade itself. The watch tele- 
scope has not been used in Coast Survey work. 

Rollers have been attached to the under side of the 
table, taking the place of clamps for holding the map in 
its place ; but these are very liable to get out of order, 
and are not regarded with favor by the best topographers. 

The alidade consists of a brass rule about twenty-two 
inches long, having a circular level on its upper face. 
KTear the middle of the rule is a perpendicular cylindrical 
column of brass, called the "standard," surmounted by 
two square brass plates joined by screws, and supporting 
horizontally a conical journal, through which extends a 
closely fitting cone of brass, coming from and attached to 
the side of the telescope. This cone forms the axis of the 
vertical movement of the telescope, and is secured at the 
extremity by a screw which holds it in its place. The 
telescope itself has the usual cross-hairs and means of 
focal adjustment. 

A transverse level is fastened to the edge of the upper 
of the two plates at the top of the standard by means of 
adjusting screws. 

The telescope is so placed that its line of coUimation is 
above and in the same vertical plane with the fiducial edge 
of the rule, though this is not absolutely necessary. Its 
position with regard to the edge, and its relation to it, 
should, however, be constant. 

A vertical arc with a tangent screw and clamp is at- 
tached to the telescopic side of the lower brass plate, and, 
with a vernier which moves in arc as the telescope is raised 
or depressed, is used in the measurement of vertical angles 
for heights. 
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A small strip of br^a is sometimea attached by means 
of horizontal hinges to the edge of the rule, after the maQ- 
ner of the ordinary parallel rule, for the purpose of ena- 
bling the topographer to draw a more extended line upon 
his sheet than the limits of the rule would permit; but, as 
it is liable to the same objection as that instrument, it has 
not come into general use. 

A. dedinatoire, consisting of a rectangular metal bos 
containing a needle, so arranged that when pointing north 
it ia parallel to the outer straight-edge of the box ; a scale 
of equal parts of brass or German silver ; a set of metal 
clamps for fastening the map to the table ; a pair of sharp 
dividers ; India-rubber, pencils, and a penknife, complete 
the list of essentials for prosecuting plane-table work. 

Since writing the foregoing description of the aUdade, 
it has been somewhat modified and improved. (See frontis- 
piece.) The telescope, instead of being supported on the 
side of the standard, is " transit mounted," resting upon 
an axis which is supported at either end upon a cross- 
piece of brass, upheld by two square columns, having 
their bases upon a square plate forming the top of the 
standard, the support and standard being firmly united. 
This arrangement brings the centre of gravity over and 
coincident with that of the standard, instead of outside of 
it, as heretofore. 

The vertical arc is better protected by being placed in- 
side of the two square uprights, and the tangent screw 
made more stable by being made to play through one of 
the uprights on the opposite side from the arc. 

An arrangement for attaching a riding level to the tele- 
scope, and the dedinatoire being permanently fastened 
to the rule, are also improvements upon the old 
pattern. 
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Adjustments. — From the nature of the service, in some 
Bectiona of the country the plane-table is often necessarily 
subjected to rough usage, and there is a constant liabihty 
to a disturbance of the adjustments ; still, in careful hands, 
a well-made instrument may be used under unfavorable 
conditions for a long time without being perceptibly af- 
fected. One should not fail, however, to make occasional 
examinations, and, while at work, if any difficulty be met 
with, which cannot otherwise be accounted for, it should 
lead directly to a scrutiny of the adjustments. 

1. The Fiducial Edge of the Eule. — This should be a 
true straight-edge. Place the rule upon a smooth surface 
and draw a line along its edge, marking also the lines at 
the ends of the rule. Reverse the rule, and place the op- 
posite ends upon the marked points, and again draw the 
line. If the two lines coincide, no adjustment is neces- 
sary ; if not, the edge must be made true. 

There is one deviation from a straight line, which, by a^ 
very rare possibility, the edge of the ruler might assume^ 
and yet not be shown by the above test ; it is when a part 
is convex, and a part similarly situated at the other end. 
concave, in exactly the same degree and proportion. In 
this case, on reversal, a line drawn along the edge of the 
rule would be coincident with the other, though not a true 
right line ; this can only be tested by an exact straight-edge. 

2. 2Ae Lecel aiiacked to the Eule. — Place the instru- 
ment in the middle of the table, and bring the bubble 
to the centre by means of the levelling screws of the 
table ; draw lines along the edge and ends of the rule 
upon the board to show its exact position, then reverse 
180". If the bubble remain central, it is in adjustment ; 
if not, correct it one-half by means of the levelling screws 
of the table, and the other half by the adjusting screws 
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attached to the level. Thia should be repeated until, the 
bubble keeps its central position, whichever way the rule 
may be placed upon the table: This presupposes the plane 
of the board to be true. If two levels are on the rule 
they are examined and adjusted in a like manner. 

Great care should be exercised in manipulation, lest the 
table be disturbed. 

3. Parallax. — Move the eye-glass until the cross-hairs, 
are perfectly distinct, and then direct the telescope to some 
distant, well-defined object. If the contact remain perfect 
when the position of the eye is changed in any way, there 
is no parallax ; but if it does not, then the focus of tliO' 
object-glass must be changed until there is no displace- 
ment of the contact. When this is the ease, the cross-hairs 
are in the common focus of the object and eye-glasses. 

It may occur that the true focus of the cross-hairs is not 
obtained at first, in which case a readjustment is necessary, 
in order to see both them and the object with equal dis- 
tinctness and -without parallax. 

4. To make (he Line of CoUimation Perpendicular to 
the A^s of Revolution of the Telescope and the A^ds 
of Reooluiion Parallel to the Plane of the Rule. — The 
instrument is set up and carefully levelled, and the cross- 
hairs directed to a plumb or other vertical line. If 
the cross-hairs cover the line when the telescope is ele- 
vated and depressed, the adjustments are perfect ; should 
they deviate, however, from the vertical line, this error 
may be attributable to two causes ; 1st, the lino of col- 
limation is not perpendicular to the horizontal axis ; or, 
2d, the axis is not horizontal, and consequently not paral- 
lel to the plane of the rule. In the first case the motion 
of the cross-hairs will be in a curve, and, upon being made 
to cover the vertical line when the telescope is horizontal,. 



dhy Google 



TOPOGRAPHICAL SUBVBTISG. 11 

will deviate from it to the same side both upon elevation 
and depression. In the second case the movement of the 
cross-hairs will 'be .in a straight line oblicLue to the hori- 
zontal, and, when made to cover the vertical line when 
the telescope is horizontal, they will, upon being elevated 
and depressed, appear upon different sides of the vertical 
line. These two cases will be considered separately. 

When the construction of the telescope admits of it, the 
perpendicularity of the line of coUimation to the axis may 
be examined as follows : Direct the cross-hairs to a well- 
defined, distant object, as nearly upon a level with the. 
telescope as may be, and draw a line along the fiduciaL 
edge ; then reverse the rule 180", again placing the edge 
along this line, revolve the telescope upon its axis and again 
observe the object ; if the cross-h&irs cover it, the adjust- 
ment is perfect ; if not, one-half the error must be cor- 
rected by moving the cross-hairs by means of the adjusting; 
screws of the diaphragm, and the other half with the 
tangent screw of the table, and the operation should be 
repeated until the adjustment is complete. 

In using the method just given it may be taken for 
granted that the line of coUimation revolves in the verti- 
cal plane of the fiducial edge, as any error arising from 
this not being the case would be inappreciable. 

After this adjustment, the liorizontality of the axis, 
should be examined. Direct the cross-hairs to a distant, 
well defined, elevated or depressed object, having the table 
carefully levelled ; draw a line along the fiducial edge, 
reverse the rule, and again direct towards the object ; if 
the cross-hairs cover it the axis is horizontal ; if they do 
not, one half of the deviation should be corrected by means 
of the screws attaching the upper plate to the top of the 
standard, or by means of the screws attaching the standard 
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to the rule. The level attached to the axis should then 
be made central. 

In the alidades, as recently improved, the bearings of 
the axes being unchangeable, save by snch violence as 
would destroy the instrument for all practical purposes, 
the foregoing adjustment and the succeeding one are, of 
course, unnecessary, as the instrument is to be considered 
as in constant adjustment in these respects. 

5. To make the Line of Collimation Parallel to the 
Vertieai Plane of the Fidudal Edge. — The exact paral- 
lelism of these is not absolutely necessary, but it is es- 
sential that the deviation should remain constant. This- 
adjustment may be examined by means of two needles 
stuck in the table. The table is turned so that the needles 
sight exactly to some distant object ; the fiducial edge is 
then placed against them and the telescope directed to the 
object. If the cross-hairs bisect it, the adjustment is cor- 
rect; but if they do not, it can be corrected by means of 
the screws attaching the standard to the rule. 

6. Zero of the Vertical Arc. — When the line of sight 
is horizontal, the vernier of the vertical arc should read 
0", or the index error should be known. This may be ex- 
amined by means of the distant sea horizon, or by setting 
up the alidade so that the centre of the telescope is in the 
line of sight of an accurately adjusted levelling instrument, 
and then directing both instruments, while level, to a dis- ■ 
tant object ; if any error be discovered, it may be corrected 
by setting the vernier at 0°, and adjusting the horizontal 
wire to the sea horizon or object. 

When the above means are not available, the following 
method may be used ; Set up the instrument at a point, 
measure the angle of elevation or depression of a distant 
object, remove the instrument to that object, and measure' 
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tLe angle of depression or elevation of the first point. 
These angles should be equal if the adjustment be correct, 
and if not equal, the index error will be one-half the dif- 
ference of the two readings. 

The following method of making this adjustment may 
be employed, where you have neither a separate level, a 
sea horizon, nor an elevation : Set up the table and level 
it carefully on any level piece of ground between two equi- 
distant points A and B, say 600 or 800 metres apart. 
Determine with the table the diflference of level of these 
two points, and remove the table to A, Measure carefully 
the distance from the ground to the centre of the axis of 
the telescope, and add or subtract this from the difference 
of level of the point E, according as it is lower or higher 
than A. Set up a target or distinct point at this height at 
B, direct the cross-hairs upon it, and adjust the vernier 
accordingly. 

A longitudinal riding level placed upon the telescope, 
or a level permanently fastened upon the top of the tele- 
scope parallel to the optical axis, and adjusted to the 
horizontal wire, will give the error at once. 

Phne-Tahk. — With regard to the plane-table proper, 
a disturbance of its good working coudition generally 
arises from accidents resulting from carelessness or from 
undue exposure of the board to the inclemency of the 
weather, and where these injuries are of a serious nature 
the mechanician only can apply the proper remedies. A 
coating of shellac has been suggested, whereby the shrink- 
age and warping of the board is said to be prevented " in a 
very marked degree ; " but well-seasoned wood and fidelity 
in construction must be the main reliance of the surveyor. 

Paper. — In addition to faulty adjustment of his instru- 
ment the topographer has an additional source of error to 
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guard against, arising from the expansion and contraction 
of the paper, due to its hygronietric nature. From the 
exposure to which a sheet is subject while in use in the 
field, and the occurrence of almost unceasing atmospheric 
changes, it can hardly ever be considered for any great 
length of time as fixdd in its relative proportions ; and the 
difficulty is greatly increased from the want of uniformity 
in this variation in the different parts of the sheet and in 
different directions. 

In case of trouble with the points arising from this 
cause, there is but one remedy, and that is by the system 
of compensation as treated of in the article on field- 
work. 

When points are determined by intersection, the effect 
of contraction and expansion may be uniform enough to 
be comparatively unimportant ; but in running ■ long tra- 
verses without side checks it is always felt. 

In plotting long-measured distances the most feasible 
method of correction is to measure a minute of latitude 
near the place of plotting ; and as the lengths of all these 
minutes on the sheet is the same, a comparison with the 
scale can at once be made and the percentage of error de- 
termined. "When the sheet has no projection, squares of 
1,000 metres constructed upon it will answer the same 
purpose. 

Scales. — The very simple and ingenious decimal system 
of scales for maps adopted by the French is that in use 
upon the Coast Survey. In this system the scale of any 
map is represented by a fraction, whose numerator is unity 
and whose denominator is some multiple of two or five, 
as TTwinr, Tshio, suW, y^wS; meaning that any distance on 
the map is one twenty-thousandth, one ten-thousandth, 
&c., of its actual dimensions on the ground. Thus, on a 
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scale of T OO TI T, one decimetre on the map will represent 
an actual distance of 1,000 metres. 

Any other desirable scale can, of course, be used, as a 
^ven number of inches to a mile ; and in case of triangu- 
lating from a base, as in a reconnoisaance, no scale even 
need be adopted. By assuming two points on the sheet 
as the extremities of the base, and working from them, a 
correct delineation of the country can be obtained before 
the base has been measured. After measurement the scale 
of the map can be ascertained by dividing the length of 
the base on the map by its length on the ground, both 
expressed in the same unit. 

In those re^ons where there is much detail, rshra is 
the scale generally used for field-work, while in others, 
where there is but little minute work, luW is employed. 
Less than the latter is never used for field sheets. In 
some ca^es, such as surveys of cities, wharves, &c., Wmr 
may be used ; and in certain rare instances, as in surveys 
for the location of batteries, the mapping of forts and 
otlier works, and sites for light-houses, still larger scales 
are sometimes found necessary. 

The diagonal scales of equal parts used on the Coast 
Survey with the plane-table, for the purpose of plotting 
measured distances, correspond with the scales of the maps. 
They arc of metal, and sufficiently hard to stand long wear 
from the points of the dividers. 

Projections for Field-Woek. — The conical projection 
is that used in the Coast Survey for field-work. 

The direction in which the sheet is laid in plotting is 
determined by various considerations. It should in- 
clude as many triangulation points as possible ; it should 
duly conform to the position of sheets already surveyed 
in the same neighborhood ; and it should embrace the area 
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of the proposed survey in the manner most convenient for 
■work, and most effective for the artistic appearance of the 
sheet when finished. 

A sketch giving the triangulation points and the ap- 
proximate shore line (comprised in the area to be sur- 
veyed) being before the draughtsman, he proceeds as 
follows : 

The limits of the sheet having been determined, the 
middle meridian A (see Plate No. 2) is located and drawn, 
and its intersection with the most central parallel deter- 
mined, at which point the perpendicular B is erected. 

The number of minutes of latitude on the central me- 
ridian, above and below the central parallel, being known, 
take the corresponding distance from Table TI. (" Projec- 
tion Tables," C. S. Report, 1853, Appendix No. 39), from 
under the head " Meridional Arcs," and lay it off (0) 
above and below the central parallel ; and, with the same 
distance as radius, strike arcs (D D D D) above and below 
from near the extremities of the perpendicular B. With 
a well-tested straight edge draw lines (B E) through the 
north and south minutes on the central meridian, and tan- 
gent to the two arcs D D, to the right and left. This 
gives three parallel lines perpendicular to the central 
meridian. 

From the same table (VI.) from under the head 
" Lengths of Arcs of the Parallels," take out the value 
corresponding to the number of minutes of longitude, east 
and west of the central meridian, and lay off the whole 
distance (F F' F") on each perpendicular, taking each dis- 
tance from its appropriate latitude. Subdivide these into 
minutes (G G' G"). 

For the areas usually covered by plane-table sheets the 
corrections (X), for determining the abscissas from the arcs 
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TOPOGRAPIItCAL SUB7EYING. 17 

of parallels (Table VI., " Co-ordinates of Curvature"), are 
inappreciable, and may be disregarded ; the ordinates (T) 
only being usad. These give the distances to be set off 
from the lines B B, perpendicularly towards the pole, for 
each minute of longitude counting from the central me- 
ridian. For ordinary field projections of scale ■nrlc!! the 
ordinate of the extreme minute only need be used, and 
the parallel drawn a right line from the point so found 
to the central meridian. This ordinate (H) being set off 
on each of the parallels, the meridians are all drawn in 
with a fine ruling pen, then subdivided into minutes, and 
the parallels carefully ruled in through the points of sub- 
division , 

The projection is verified by applying the measure of a 
number of minutes of latitude and longitude, and by a 
comparison of diagonal measurements on different parts 
of the sheet. 

All measurements should be carefully taken from the 
scale with a keenly pointed beam compass, and the marks 
pricked in the paper should be as light as possible to be 
seen, so as to insure the greatest accuracy. 

The draughtsman is supplied with a list of triangula- 
tion points, which gives their relative distances, their lati- 
tudes and longitudes, and also the equivalents in metres 
of the seconds of latitude and longitude, according to 
which the points are now plotted on the sheet by 
measuring from the corresponding minutes. Thus In the 
diagram the distance J represents the seconds of latitude ; 
K, the seconds of longitude of the trigonometrical point. 

The accuracy of the plotting is tested by a measurement 
of the respective distances between the points with the beam- 
compass, these distances being also given. The degrees 
and minutes are then plainly marked, usually on the north 
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and east sides of the sheet, at one extremity of each paral- 
lel and meridian, the pencil marks erased, and the projec- 
tion Is completed. 

It sometimes becomes necessary to base topographical 
work upon a detached scheme of triangulation before the 
usual astronomical observations have been made. In this 
case the only elements given are the distances from the 
points to two projected arcs of rectangular ca-ordinates 
(which are assumed), and the distances between the points. 
The projection for plotting these consists simply of axes 
of X and T, so laid on the sheet that it will embrace all 
the points required by the surveyor, and in the manner 
most convenient for his work ; and the points are plotted 
from these by the intersection of two arcs with the dis- 
tances of the points from the axes as radii, either north 
or south, east or west, of the lines of X and Y, as the 
plus or minus signs given may indicate. The only test is 
by the distances between the points, and there should be at 
least two from each. If the work be correctly done, a 
regular projection can be constructed on the sheet after it 
is finished, and the required astronomical work is completed. 

In case it so happens that for some special purpose it 
becomes urgent to undertake a piece of topography, when 
neither the data for projections nor co-ordinates are at 
band, plotting by distances is the only resource left, and, 
of course, great care is absolutely necessary. 

It has sometimes been found expedient to carry on a 
plane-table survey in advance of the triangulation, or 
where the triangulation has not yet been connected with 
a base. Under such circumstances it is advisable to draw 
squares of 1,000 or any specified number of metres on the 
sheet, by means of which the projection can ultimately be 
laid down correctly. 
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FiELD-WoBK. — General Remarks. — In organizing a party 
for field-work it is necessary to have one man to carry the 
table. His duty is to remain constantly with the instru- 
ment, to leave it under no circumstances ; and while the 
topographer is at work he holds the shade to protect the 
chart from the glare of the sun. In some sections the 
labor of carrying the table is quite fatiguing, in which case 
another man should be employed with the shade. He 
should also keep the pencils sharpened, and sometimes, 
when a careful person, he levels the table, thus giving the 
operator an opportunity to glance over the surrounding 
country. He should always have with him a spare piece 
of rubber, and one or two extra pencils. Two chain-men 
are needed, and two or three other men with signals, 
hatchet, telemeter, and other working apparatus, to exe- 
cute various offices, as they may be required. The maxi- 
mum necessary for field-work in a plane-table party on 
land is five hands, and when using a boat, six. Satisfactory 
work has been done, however, with three, and on very 
rare occasions with even two men ; but, of course, with 
less facility. More than five and an aid, when but one 
table is used, is unnecessary, and a less number is a detri- 
ment to rapid execution. 

The ahdade is carried from station to station by the 
chief of party, resting on the bend of the arm, or hang- 
ing easily at the side, and in handling is to be seized by 
the lower part of the standard, never by the telescope or 
rule. Some operators prefer to have it transported in the 
box by one of the men, and handed to them when the 
table is set up at a station. It usually weighs 82 pounds ; 
and there is a fear of its being put out of adjustment or 
injured by falls on rough ground, or in crossing insecure 
fences, if carried by hand, and a relief is afforded to the 
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arm by being freed for a while from its weight ; but one 
soon becomes so inured to it as to feel but Uttle incon- 
venience, and carelessness in taking out and replacing it in 
the bos so many times during the day is quite as likely 
to disturb its adjustments, as ia also the fall of the box, 
or rudely setting it on the ground. The metre scale is 
best fastened under the clamps which hold the paper to 
the table, where it is close at hand ready for reference. 
It has been suggested that it would be an advantage to 
have it engraved upon the rule of the alidade, and it has 
also been proposed to have the scale drawn upon the sheet, 
and thus afford a correction of error of shrinkage, but its 
constant use would soon seriously deface the paper. The 
pencils, dividers, and India-rubber can be carried in an 
outside breast-pocket, the points of the dividers, when not 
in use, being thrust into the edge of the rubber. The 
little metallic patent pencU-holder, pinned upon the left 
breast of the coat, is used satisfactorily by some surveyors 
for this purpose. A handy and compact arrangement 
for carrying the scale, pencils, etc., is a russet leather 
case IO3 by 2|- inches. It is made large enough to ac- 
commodate, on the opposite sides of the scale, when it 
is in, three or four pencils, and the dividers protecting 
the points of both ; the whole carried in a leather 
pouch 11 by 4a inches, slung over the shoulder, the pouch 
accommodating also note-books for sketching, table of 
heights, extra pencils, and rubber ; everything being at 
hand and well protected. "When the table is set up the 
dividers and pencils are taken from the case and laid upon 
the table, and the scale drawn out as needed. Some topo- 
graphers object to carrying the scale upon the table under 
the clamps, because it is liable to soil the paper, to drop 
out in passing from station to station, is not always in the 
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most convenient place for use, and sometimes interferes 
with the play of the alidade. 

It is well to have ready a light India-rubber cloth cover 
to slip over the board in case of a sudden shower, as well 
as to protect the paper from the dust on the roads, mud 
in swampy ground, or water where a boat is used in going 
from one station to another. The sides of the sheet where 
they are turned under the table, and come more or less in 
contact with the coat of the observer, should be protected 
by strips of paper ahout four inches wide, and six inches 
longer than the side of the table, so as to fold under it 
and clamp on with the sheet itself. Tracing vellum is 
good for this purpose, as the points on the edge of the 
sheet can be seen through it. A plan followed by some 
topographers, is to cover the whole sheet, as exposed on the 
table, with thiu paper, tearing it away at those points only 
where they are at work, and covering again by pasting on 
patches as soon as finished, thus protecting as much of 
the sheet as possible ; but in determining points this is 
unpracticable. 

The plane-table must never be rudely handled, never 
roughly set on the ground, nor carried heedlessly through 
woods or swamps, and the weight of the body or arms 
should never rest upon it. Instructions should be given 
the men that, under no circumstances, except in cases of 
threatened danger, should the table or instruments con- 
nected with it be touched during the temporary absence 
of the topographer. 

Preliminary Work. — As an indispensable preliminary 
to the operations of field-work, the topographer must as- 
sure himself of the correctness of the plotted points on 
the sheet, by an examination of them in the field, either 
by actual occupation of each one, or of a sufficient number 
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to embrace them all in two or more lines of observation. 
When this has been done, and the pointe found correct, or 
properly adjusted (as shown further on), the regular sur- 
vey is commenced. 

It is very rare that a sufficient number of triangulation 
points furnished, or their positions, are such as to suffice 
for carrying on an extended survey without the aid of in- 
termediate points. These are to be determined by the 
plane-table, and this can be done over a whole or a por- 
tion of the sheet, either before any filling in of the topo- 
graphy is done, or during the progress of the work, 
depending much upon the character of the country and 
the skill and judgment of the topographer. 

Sometimes, from lack of natural objects, it is found ad- 
visable to go beforehand over the country and locate sig- 
nals in suitable points for subsequent determination and 
use. In the location of signals, either as permanent points 
or simply for temporary forward lines, a great deal depends 
upon the good judgment of the person placing them. 
Two purposes are to be subserved ; first, the seeing a suf- 
ficient number of known points to give a good determina- 
tion ; and, second, to command a view of as great an area 
of country, and of as many natural and artificial features 
for filling in the topography, as possible. It should be re- 
marked, also, that in the course of the prosecution of the 
regular work, no favorable opportunity must be allowed to 
escape for locating a signal or determining a point which 
may at some future time be of service. Advantage should 
be taken of open places in the woods commanding roads 
or ravines. Piers or drawg of bridges, or piles, giving 
lines up and down streams, with precipitous or bhiflFy and 
wooded banks ; trees of unusual appearance in prominent 
positions, or bearing flags placed upon them for the pur- 
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pose ; points of rock, off-shore or otherwise ; lightning- 
rods, cupolas, weather-cocks, chimneys of factories, and 
other peculiar and marked objects come within tliis cate- 
gory. In fact, it may be set down as a rule, that well- 
determined signals located at convenient distances over 
the sheet are more likely to be too few than too fre- 
quent. 

Signal poles should be straight and perpendicular, the 
flags upon them adapted in color to the back-ground 
against which they will be seen when observed upon, pro- 
tected from cattle in settled districts by earth thrown up 
or by stones piled about their bases. They should also be 
well marked with pegs, or by measurements to neighbor- 
ing permanent objects, so that in case they are disturbed 
their positions may be found. 

It is taken for granted that some facility in the manipu- 
lation of the table is already arrived at, as weU as a 
knowledge of conventional topographical signs, and the 
application of them ; it being merely necessary to remark 
that on maps of a large scale it is required to plumb the 
plotted point exactly over the station, although on the 
usual field scale an approximation with the eye is all that 
is requisite, and that all lines should be drawn lightly and 
carefully close to the edge of the rule with a finely sharp- 
ened hard pencil, and that in sketching one somewhat 
softer is used. If the table and alidade be in proper con- 
dition, the contact of the fiducial edge with the paper will 
be perfect throughout its whole length, and in drawing a 
line along the edge care must be taken to preserve the 
same incHnation of the pencil, and to avoid a " shoulder '' 
in the pencil itself. If the rule be at all raised from the 
paper at any part, still greater care is to be observed, lest 
the point of the pencil sliould run under the edge and thus 
deviate f; om a straight line. 
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It is well for the beginner to learn to observe with his 
left eye as well as the right, for obvious reasons. 

The instruments should be kept scrupulously clean and 
free from sand or grit, and work with the table should 
cease the moment the presence of any foreign substance 
between the surfaces which play upon each other is sus- 
pected. An occasional taking apart of the table and 
cleaning with soap and water, using soft linen rags for the 
purpose, will be found necessary ; and, after being oiled 
and put together, it should be wiped thoroughly dry. The 
cleaning should not be intrusted to any person unaccus- 
tomed to the handling of instruments. 

In observing upon signals which are not perpendicular, 
the sighting should be as nearly as possible upon the base 
of the pole. 

Field PeaCtice, — Topographical points can be deter- 
mined by three methods, viz. : intersection,* " resection," 
and measured distances. In the first of these the point 
must be seen from two or more occupied points in suitable 
positions, with regard to the point to be determined ; in 
the second, it must be occupied ; and in the third, there 
must be a direct measured line, with an established direc- 
tion from the occupied point These methods of deter- 
mination, and the incidental operations which accompany 
them, will now be considered. 



• CtiBtam has given this general term a speciflo ^gniflcAtdon in Coast Survey 
topographical work. 
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Let 0, P, Q, R., rig. ], represent the board of the 
plane-table, upon which is spread the topographical sheet ; 
the plotted triangulation point a upon the sheet represent- 
ing the signal A upon the ground ; h, the spire B ; c, the 
signal C ; and s, the station S.; the small letters on the. 
sheet representing the centres of the signals on the ground, 
which are referred to by corresponding large letters. 

The table is first placed approximately level over the 
occupied station S, and put in position, also approximately, 
by the eye, so that the plotted points on the sheet are in 
range with the station S and the signals or objects they 
represent in the field. Then plumb the point s over the 
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station S, fixing the legs of the table firmly in the 
ground ; place the ahdade upon the table so that the 
rule shall extend across its centre ; loosen the large milled 
head screw projecting below the top of the stand, and 
by means of the levelling screws bring the bubble of the 
circular level on the rule to the centre. Place the ali- 
dade at right angles to its first position upon the board, 
repeat the operation, clamp the large screw again, and 
the table is level. Now free the tangent screw by loosen- 
ing its clamp, place the edge of the rule r upon the oc- 
cupied point s and the point h, the telescope being: 
directed towards the spire B, as shown by the arrow- 
head in the figure, and revolve the table horizontally 
about its centre with the hands until B is seen in the^ 
field of the telescope ; clamp the tangent screw and turn 
it till the intersection of the cross-hairs bisect the top or 
centre of the spire B. The table is now " in position," 
if the plotted points be correct and the proper objects 
sighted. In other words, the table is "oriented" when 
the point observed upon and the point occupied are- 
in the line of sight, the edge of the rule being upon the 
two plotted points ; the one, s, perpendicularly over the 
occupied station, and the other, b, the station observed 
upon. As a test of the correctness of this, place the rule 
upon the point s again, and upon the points a and c con- 
secutively, and if the two signals A and are covered by 
the vertical cross-hair of the telescope, the orientation is 
assured, and the meridian of the sheet is parallel to that 
of the earth, all the lines joining the signals and their 
respective projections being also parallel. 

It will sometimes happen that the upper metal disk at- 
tached to the table, after it has been clamped and the 
tangent screw used to put the table in position, has a ten- 
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dency to spring still further with a sudden movement or 
slight jerk, and this movement may not occur until im- 
pelled by the ordinary working about the table, and pas3 
unobserved by the operator. This may arise from the 
two disks being screwed too closely together, and the faces 
in contact not being sufficiently oiled. It is often the 
source of much trouble to the beginner, and he is unable 
to discover the cause. It is well, therefore, in orienting 
the table, when this is suspected, to take hold of the edge; 
of the board with the thumb and finger and spring it very^ 
slightly from side to side, in order that the table may 
settle itself in a fixed position. The cause of the trouble- 
must, of course, be removed on the fii^t opportunity. 

The nest operation is to " take the forward line " to the 
nest point which it is desirable to occupy or determine, 
either some natural object which can be occupied, or a 
forward signal placed for that purpose, say the signal D. 

The edge of the rule is placed upon the point s and 
moved about that point as a centre until the forward 
signal D is covered by the vertical hair, and then a line,/, 
is drawn along the edge of the rule from s sufficiently far 
to reach the estimated distance on the sheet of the point 
d, and at each end of the rule the short check lines n n 
are drawn. In the same manner lines to be afterwards 
intersected should be drawn to such objects as it may be 
well to determine. To prevent confusion the ends of such 
hnes are marked aa in the diagram : di., chimney ; t., 
tree ; cup., cupola; sp., spire ; w-tu., wind-mill, etc. Tan- 
gent lines and lines radiating to objects comparatively 
near at hand, to be chained or obtained by the teleme- 
ter, as fence, corners, etc., should be likewise taken. If 
the station occupied be in an elevated and prominent 
position, its height should be observed, both as a guide 
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for putting in the contours at the point, and to serve as a 
point of reference in taking heights at other places, the 
method of doing which will be given hereafter. The ne- 
cessary sketching is now done, omitting nothing that 
can be completed from this point ; the alidade removed, 
the table raised, the signal put up, and the party leaves 
for the next station. Sometimes it is necessary to start 
the chain from the station to the forward signal. 




When moving from one station to another it is the 
custom with some topographers to loosen the tangent 
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clamp, with the idea that if the table come in contact 
■with any object while being transported, it will revolve 
and be less liable to injury. This perhaps is true, if the 
blow comes on the side of the table only, and in the direc- 
tion of its plane. 

Now, let the letters in Fig. 2 be the same as in Fig. 1 . 
The table is removed to the station A and placed over the 
point on the ground, put in approximate position, levelled, 
clamped, and loosened at the tangent screw, as at station 
S. The rule is then placed upon the line a s, the 
cross-hairs of the telescope directed towards the signal 
S, and the table brought into position, as before described. 
Then keeping the edge of the rule upon a, direct the 
telescope upon the signal D, and draw the line a d, inter- 
secting/, and determining the position of the point d upon 
the sheet, corresponding to D, and bearing the same rela- 
tion in position and distance to the points s. a, b, and c, as 
the signal D does to S, A, B, and C. All the other objects 
to which lines were drawn from s, and which can be seen 
from A, are intersected and determined in the same 
manner. This is an example of the method of " inter- 
eection." 

The necessary sketching, determination of height, etc., 
are executed here as at S, and, indeed, at every point 
occupied,— it being desirable, if possible, never to occupy a 
a station more than once. 

The intersection of two lines is not, however, positive 
evidence of the correct determination of a point. Let us, 
therefore, proceed to D and again determine it by " resec- 
tion " from the point B. (See Pig. 3.) 
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The table is placed over the point D, put in approxi- 
mate position, levelled, etc., as at the other stations. 
The rule is then placed upon the forward line, /, (now- 
called the "back line," as seen from D,) passing through 
the point s, so that the checks n n are just visible along 
the edge, and the telescope directed towards the signal S, 
as shown by the arrow, and the table oriented. The rule 
is then placed with its edge bisecting one of the plotted 
points, such as 5, which will give a cleanly cut angle (the 
nearer 90° the better) with the line/, and is mo»ed about 
that point as a centre until the spire B is covered with the 
vertical hair. A line is now drawn along the edge of the 
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rule, orossiag the line/. If thia line intersects/ at pre- 
cisely the same point as the lines/, a, and d, the position 
of d, upon the map is assured, and a delicate hole with the 
point of the dividers should be pricked upon the sheet to 
fix the point, surrounded by a small circle in pencil. The 
point may be still further tested bj' resection from C. If 
the forward line from s has also been chained, the distance 
taken from the scale and laid off from s on the line/ will 
afford still another test, and it is quite sufficient if it agree 
"with an intersection where only one can be obtained. 

Another forward line,/', is now taken, with the usual 
checks, n' n', to the next desirable station, and lines of in- 
tersection are also drawn from A upon the chimney, wind- 
mill, cupola, tree, and spire previously observed, as they 
appear in the telescope, in succession from left to right, 
and their positions definitely fixed upon the map, pricked 
through and marked ; and these being well determined, 
can now be used for the determination of other stations. 
New lines to such other objects as may be thought neces- 
sary should bs taken, as well as tangent lines, and then 
follows the sketching to fill in the details about the 
station. 
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The table ia now removed to E, Fig. 4 (which it was 
thought UDuecessary to mark on Fig, 3), through which 
the forward line from d is supposed to pass, and is placed 
over the station ; and the point e, representing the pro- 
jection of the signal E upon the map, is determined by 
resections by the use of the line/' and the points s, a, h, 
and c, although the latter two are not absolutely necessary. 
The spire and tree may also be used for this purpose. 
Those points which, owing to acute intersections, have 
been insufficiently determined, as the chimney, cupola, 
and wind-mill, are again intersected. Other intersecting 
lines are taken from e upon other points which present 
themselves, the necessary sketching made, and a new 
forward line taken to the next station. 

During all these operations occasional recurrence should 
be had with the alidade to some established point to assure 
the immobility of the table, or to correct any deflection 
from the true position which may have taken place. 

If upon going to a forward signal or object to which a 
line has been taken it is found that it cannot be occupied, 
or that it is in such a position that a sufficient number of 
points cannot be seen from it, or, for any reason, it does 
not answer the desired purpose, a point in range between 
the two stations, or upon the prolongation of the line 
connecting them, can be occupied. Getting into line 
between two stations is performed by two persons stand- 
ing facing each other, about thirty metres apart, and as 
nearly on the line as possible, one of whom sees the back 
and the other the forward signal. Each then moves al- 
ternately to the right or left, as directed by the other, 
until each signal is in line with the person whose back is 
towards it, as seen by the person facing it. The table 
can then be readily placed anywhere on the line. A posi- 
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tion for a point beyond the forward signal may also be 
found b}' simple alignment with the two signals. 

When by accident in drawing a forward line from an 
occupied point, near which upon the sheet is plotted an- 
other or several other points, the rule is not set upon the 
point occupied, and the error is not manifest until the for- 
ward signal is reached ; instead of going back to take the 
line over and draw it from the last station, it can be con- 
structed by drawing from the correct station a parallel to 
the false line. 

Points and lines. — The accuracy of the work on the to- 
pographical sheet is primarily and mainly dependent upon 
the correct determination of points, and a want of an exact 
knowledge of the capabilities of certain points already de- 
termined to ascertain the observer's position upon the 
sheet, as well as the positions of other points, is one of the 
greatest sources of trouble and error to a beginner. When 
a survey is commenced with slightly faulty points, and un- 
compensated as the work proceeds, the scale upon which it 
is executed becomes variable, and consequently erroneous. 

When, as we have seen, a triangulation point is occu- 
pied, and lines drawn from a number of other plotted 
points, with the table in position, intersect perfectly at that 
point, the position is assured ; but when they do not thus 
intersect, the cause of the difficulty may be found either, 
1st, in errors of triangulation or computation ; 2d, in a 
faulty projection, or plotting of the points ; or, 3d, in the 
unequal expansion or contraction of the paper. The first 
two, when at all great, can only be corrected by a revision 
of the work of triangulation and projection ; and the lat- 
ter, if not sufficiently large to warrant an entire rejection 
of the sheet, can be remedied only by the judicious action 
of the topographer, with the plane-table, in the field. 
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When tlie points disagree within quite moderate limits, 
the practised hand can, by distributing the error among 
the points in the proportion of thetr distances from the oc- 
cupied point, so reduce the effect of the sum of tliese dis- 
tributed errors on the position of the occupied point that 
he may be safe in considering positions determined from 
his point', so corrected, as more accurate and trustworthy 
than the plotted points themselves, and use them as such. 
A maximum error of twenty metres on a scale of THuin! 
can generally be reduced at the point of intersection to an 
almost, if not quite, imperceptible quantity. 

The topographer should be very chary in rejecting 
points as unfit for use. No matter what the apparent dis- 
agreement may be, one should not hastily throw aside one 
set of points and accept another because one set appears 
to agree and tlie other to disagree. But the positive oc- 
cupation of a series of points of whose accuracy you tlius 
become sure, and another series of whose inaccuracy you 
are equally satisfied, renders the preference of one set over 
the other at times not only permissible but obligatory. It 
should always be remembered that absolute and careful 
investigation in the field, and close examination of the 
projection, plotting, and data of triangulation, ought to be 
made before any point or set of points is condemned. 

Three-Point Peoblem.— It is often espedient to place 
the table in position at an undetermined point without 
any "back line." With three signals in view whose posi- 
tions are projected on the -map, the table can be oriented, 
and the point determined by means of the "three-point 
problem." 

The table is brought into approximate position by the 
eye or declinatoire, and, not being properly oriented, the 
lines drawn from the three projected points will not inter- 
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sect in one point, only when all four are on the circum- 
ference of a circle ; iu which case the " two-point" prob- 
lem is available. Except in this instance, however, the 
lines will form a small triangle, called the triangle of er- 
ror, or two of them will be parallel, intersected by the 
third. The position of the true point can then be deter- 
mined geometrically from these several intersections, and 
is always at the point of intersection of arcs of circles 
drawn through each two points and the point of intersec- 
tion of the lines drawn from them ; but the construction 
■of these ares is inconvenient in the field. More practica- 
ble modes of locating the point sought will be given in 
their order. 

In the classification given below, based upon the local- 
ity of the true point in relation to the triangle of error, 
the triangle formed by the three fixed points is called the 
great triangle, and the circle passing through the same 
points, the gre-at circle. 

Class 1. — When the point sought falls within the great 
triangle, the true point is within the triangle of error. 
(Case 1, Plate No. 3.) 

Class 2. — When the point sought falls within either of 
the three segments of the great circle formed by the sides 
of the great triangle as chords (Case 2), or without the 
great circle and within the sector of the opposite angle of 
either angle of the great triangle (Case 5), the true point 
is on the side of the line from the middle point opposite 
to the intersection of the tines from the other two points. 
This also includes Case 3, where the three fixed points arc 
in a straight line, in which case the points are considered 
as b'eing in the circumference of a circle of infinite diam- 
eter, and the true point always lying in one of the seg- 
ments of the great circle. 
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Class 3. — When the point sought falls without the 
great circle and within the sector of either angle of the 
great triangle, the true point is on the same side of the 
line from the middle point as the intersection of the lines 
from the other two points, (Case 4.) 

In case the point sought falls on the range of any two 
of the points, and the table is deflected from true position, 
the lines from the two points will be parallel, intersected 
by the line from the third point. But this range can al- 
ways be determined by alignment, the table set in position 
on the range, and the point occupied determined by re- 
section on the third point. (Case 6.) 

In case the point sought falls near the range of any two 
of the three points, the lines from the two points are so 
nearly parallel that their intersection falls off the table, 
but the relation of the true point to the triangle of error 
is in no way changed. 

The accompanying diagram shows the fields embraced 
by the classes given above, also the location of each of the 
cases included in those classes. 

A point on the circumference of the great circle being 
indeterminate, it is apparent that a determination should 
never be attempted in close proximity thereto. 

The following cases arc beheved to include all possible 
conditions of the relation of the position of an undeter- 
mined point to three fixed points. The surveyor is sup- 
posed to face bis signals and the directions right and left 
given accordingly. 

Case 1. (Figure 1, Plate No. 4.)— When the point 
sought is within the great triangle the true point is within 
the triangle of error. 

ah G are the projected points, and ab ac he, the false in- 
tersections from them forming the triangle of error. 
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Hule. — If the line from any one of tlie poiuta falls to 
the right of the intersection of the other two, turn the 
table to the left, and if to the left, turn it to the right. 

When the point sought is without the great triangle the 
true point is also without the triangle of error, and is 
situated to the right or left of it, according as the table is 
out of position to the left or right. 

Case 2. (Figure 2, Plate No. 4.) — When the point 
sought is without the great triangle and within the great 
circle, the true point is without the triangle of error, and 
the line drawn from the middle point lies between the 
true point and the intersection of the other two lines. 
This also includes Case 3 (Figure 3, Plate No. 4), which 
rarely occurs in practice where the three points are in a 
straight line. 

SiiUe. — If the line from the middle point is to the right 
of the intersection of the other two, turn the table to the 
right, and if to the left, turn it to the left. 

Case 4. (Figure 4, Plate No. 4.) — When the point sought 
is without the great circle, and the middle point is on the 
far side of the line joining the other two points, the 
true point is without the triangle of error, and upon the 
same side of the line from the middle point at the inter- 
eeetion of the other two hnes. 

Mule. — If the line from the middle point is to the right 
of the intersection of the other two, turn the table to the 
left ; and if to the left, turn it to the right. 

Case 5. (Figure 5, Plate No. 4.) — When the point sought 
is without the great circle, and the middle point is on the 
near side of the line joining the other two points, the true 
point is without the triangle of error, and the line drawn 
from the middle point lies between the true point and the 
intersection of the other two lines. 
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Hule. — If the line from the middle point is to the right 
of the intersection of the other two, turn the table to the 
right, and if to the left, turn it to the left. 

Case 6. (Figure C, Plate No. 4.) — When the point sought 
is on the range of either two points, and the table de- 
fleeted from true position, the lines drawn from these 
points will not intersect, but will be parallel, intersected 
by the line drawn from the third point ; the true point is 
then between the two parallel lines. 

Side. — When the line from the right-hand station is. 
uppermost, turn the table to the right, and when that from 
the left hand is uppermost, turn it to the left. 



Practicable modes of determining the position of a fourth 
poirdhy resection upon three fixed points. 

1st. LehmantHs method,. (Figure 7, Plate No. 4.) — This- 
method is based upon the fact that the point sought is al- 
ways distant from the three lines drawn from the three 
fixed points in proportion to the distances of the latter 
from the point occupied. 

A B C are the projections of the three signals from 
which it is desired to determine by resection the position 
of a fourth point D. The table being out of position to 
the right, the triangle of error formed by the three lines 
from A B and C is o& oc he. The true point occupied lies 
at D, being at the intersection of the circles AB aJ, AC aCf 
BO 5c. Now, if perpendiculars be drawn from D to the 
lines drawn from A B and C, we shall have 

D« : D6 : : DA : DB or D5 : Dc : : DB : DC. 
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The relative distances of the point occupied from' the 
three signals must be estimated and the point located in 
reference to the three lines from A. B and C accordingly. 

Ketto's method. (Figures 8, 9, and 10, Plate No. 4.) — 
This method of determining the true position from the 
false intersections is ingenious and of much practical value. 

The table not being properly oriented, and having re- 
sected upon a h and c, we have the triangle of error e e' e". 
Now, by the Lehmann method, judge of the position of (Z 
(the point sought). Set the alidade on db and revolve the 
table so that the line of eight passes the signal B. Resect 
again on a J and c and we have the triangle of error ^^^'. 
Join e and g, and through both points draw parallel lines 
i i and h h. Lay off e^'^e/" and gh=gh. Join i and k and 
the intersection I lies in the line of sight from the true 
point to the middle point h. Set on this line, resect upon 
a and c, and d is the point sought. 

If the two triangles of error are situated on the same 
side of the true line of sight to the middle point, the par- 
allel lines are set off on one side of eg only. 

The triangles of error e e' e" and g g" g" are always sim- 
ilar /_g"^l_e', L^^L^'\ Lq=L% and as the two 
points e and g are always in the circumference of the 
same circle, if the table is deflected equally on the oppo- 
site sides of the true line of sight to the middle point, the 
triangle of error will be equal and ef=gh. On the true 
line of sight gh and ef=o. 

In the triangles ghl and eil, ii and hk being parallel, 
/_g^=/,e, II is common, therefore Uc=^ /_i and the tri- 
angles are similar, and el : gl : : ei^^ef : g]c=gh. 

(Fig. 9, Plate No. 4.) — ^The point sought (d) must lie in 
the circle passing through aec, and also through age. Draw 
the circle a g dec s, join s with e and g, then we have 
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/_dse=/_dce and /_d8g=/_dag 

/^dce^/_dbe' and /_dag=/_dbg' 

Therefore /_dse^ /_dW' and Ldsg^^dhg" 

also se parallel to h<f' and sg parallel bg" 

and the triangles sh and hlf are similar, 

and the triangles slg and hlh are similar ; 

from which we get le : If :: Is -. Ih 

and Ig: Ih:: Is: lb, 

also le : If:: Ig : Ih and le : le — ef:: Ig : Ig — Ik 

that is el: ef :: gl : gh or el: gl:: ef: gh. 

The amount of the angle at I is always an indication of 
the value of the determination of the point sought. The 
more obtuse the angle the better the determination. 

bessel's methods. 

Bessel gives two methods, both based on the same prin- 
ciple. 

First method. (Pigs. 11, 12, and 13, Plate No. 4.)— 

Let a b and c be the projections of the three points ob- 
served upon, and ah he ac, the triangle of error formed by 
resection upon them when the table is not in position. 
Lay off 5c' on ha=bG, extend be and lay oSba'=ba. Call 
the angle at the intersection ab=x, and that at the inter- 
section bc=g. At a' lay off toward you /_ba' e=^ /_y, and 
at (/ in the same direction /.5c' e==.lx. The lines so laid 
off will intersect in e, which lies in the line of sight through 
the middle point b and the point sought, ((?). By resection 
upon a and c, the position of the point on this line is fixed. 

The solution of this is as follows (Figure 14, Plate 31) : 

Lay off at a the angle hae^= /_bdc, and at c /_bce=/_hda, 
drawingthe line 5c, /,e5c=/.a5t?and /^eha=l_d>d. Pro- 
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duce be to /, so that hf=ha, and draw fg parallel to ce. 
Lay Ifg on ha, so that/ falls on a and g on h. 

Then we have in the quadrilateral ahhe and ahcd 

/_hae^/_bdc, /_Jihe=^ /_abc 

hh ■ he : : ig : he : : hf : he : : ba : he. 

The two quadrilaterals are therefore similar, and hence 

/_ ehe= /_ hba= /_ add 
and /_eha=/_d>d. 

Second method. — The plane-table may also be put in 
position without the use of the points a' and C. (Figures 
15, 16, and 17, Plate 31.) 

On ac ate layoff /_ace= /_x, and at a lay off /_ml^£_y. 
The lines so laid off will intersect in e, which lies in the 
true line of sight through the middle point b and the point 
sought, ((2). Resection upon a and c then fixes the posi- 
tion of d. 

The angles e and d of the quadrilateral OQcd make up 
from the construction two right angles ; hence a circle may 
be described about the quadrilateral, and we have the 
periphery angles 

am=^adb 
and cae=cdh. 

This latter method, being simpler, is better than the- 
first, but, under certain circumstances, one may be used 
when the other cannot. If, for instance, by the last-men- 
tioned manner of construction the point of intersection (e) 
should fall outside the plane-table, it may possibly be made 
to fall inside by the first method. Again, if, by the latter 
method, the angles of intersections happen to be right 
angles, or nearly so, then the two plotted hues to e be- 
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come parallel to each other, or nearly so, in which case 

the first method may be used with advantage. 

The best mode of constructing the angles x and y upon 
ac is with the alidade ; directing the line to one of the 
objects and observing the other object with the alidade set 
upon the point at which the angle is to be set off. It can 
also be readily done with the dividers by laying off the 
chord of the angle. 

Should either or both of the angles set off at a and C 
be so obtuse that the point e falls off the table, a shorter 
base can be used, drawn parallel to ac, as near to h as may 
be necessary. 

Two-point Problem. — The occasion may arise where 
it is desirable to place the table in position at a 
given point, from which point only two determined 
points are visible. This may bo done by the following 
methods. The first mode possesses the virtue of making 
no linear measurement, and demonstrates in a very 
satisfactory manner the power of the table in determin- 
ing position by resection. (Figures 18, 19, 20, and 21, 
Plate No. 4.) 

Two points, A B, not conTeniently accessible, being 
given by their projections ah, ia put the plane-table in 
position at a third point G : (The capital letters refer to 
points on the ground and the small ones to their cor- 
responding projections). 

Select a fourth point D, such that the intersections from 
C and D upon A and B make sufficiently large angles for 
good determinations. Put the table approximately in 
position at D, by estimation or by compass, and draw the 
lines A.a W>, intersecting in d^ through d draw a line 
directed to C. Then set up at C, and assuming the point . 
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c on the line d C, at an estimated distance from d; and 
putting the table in a position parallel to that whicli is 
occupied at D, by means of the line c d, draw the lines from 
c to A and from c to B. These will intersect the lines d A. 
(Z B at points a' and b', which form with c and d a quadri- 
lateral similar to the true one, but erroneous in size and 
position. 

The angle which the lines a b and a' l' make with each 
other is the error in position. By constructing now through- 
c a line c d' making the same angle with c d as that. 
which a h makes with a' b', and directing this line c d' to 
D, the table will be brought into position, and the true 
point c can be found by the intersections of a A and I B. 

Instead of transferring the angle of error by construc- 
tion, we may conveniently proceed as follows, observing 
that the angle which the line a' h' makes with a 5 is the 
error in the position of the table. As the table now stands. 
a' 5' is parallel with A B, but we want to turn it so that a b- 
shaU be parallel to the same. If we therefore place the. 
ahdade on «' h' and set up a mark in that direction, then, 
place the alidade on a h, and turn the table until it again 
points to the mark, then ab wiU be parallel to A B, and, 
the table is in position. 

We can now find c and d by intersections in the usual 
way. 

Another method is as follows : (Figure 22, Plate No. 4). 

Two points, A and B, notconveniently accessible, being- 
given, to put the plane-table in position at a third (unde- 
termined) point, C. 

Sot up the table at the point sought as nearly in posi- 
tion as can be done by the eye, and resect upon A and B, 
intersecting the line be at c'. The angle ac'b is the true- 
angle at the point occupied, subtended by A B, being the- 
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the angle of natui-e actually drawn ; therefore, the true 
point must be on the circumference of a circle passing 
through abc'. Construct this circle. Measure off a rea- 
sonable base, C D, at right angles, or nearly so, to he, in 
either direction most convenient. Set up a signal at D, 
and with the alidade draw the line c' d. Remove the ta- 
ble to D, and, by means of a signal at C, (the point sought,) 
and the line d&, bring the table into a position parallel to 
that which is occupied at C. With the alidade centring- 
on d, observe the signal B, and draw the hne db' intersect- 
ing ch at h'. g' h' is the distance of the point C from B, 
and this distance laid off on the circle acb' as a chord from 
h will give c", the true position of the point C. A fourth, 
point may then be occupied, and by resection of A B and 
C the accuracy of the determination of C verified. 

Where it is possible to get the two signals A and B in 
range, it is easy to determine the position of a third point 
by a mode long practised by topographers. 

Set up the table anywhere on the range line, and, hav- 
ing set up a signal at the point sought, resect upon it, 
intersecting the range line anywhere, and, by means of the 
range signal and the line to it, the table may be set in 
parallel position to that occupied in the range, which is. 
the true position, and the point sought may be determined' 
by resection upon the two fixed points and their projec- 
tions. 

Field- Work. — In taking lines of intersection upon a 
point or object from a series of stations, when these lines 
do not coincide in one point, as they are usually derived 
from signals at unequal distances, the error should not be 
divided equally among them, but in proportion to their 
lengths. 

It should be borne in mind that very short lines from 
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a determined point, — as, for instance, to the coraefs of a 
fenced road, where the table occupies the centre of the 
intersection of two roads — may be taken with no apparent 
error when the table is deflected to some extent from its 
true azimuth, but that in this case a prolonged line will be 
considerably out at its further extremity. 

A long line should never be obtained by the prolonga- 
tion of a short one from a back station where there is no 
small check line, or some other point in that prolongation 
already fixed. 

It will be apparent that the more nearly at right angles 
intersecting lines cross each other, the more clearly the 
point will be defined ; acute intersections, as far as pos- 
sible, should be avoided, and, even when they are crossed 
by a third line at a satisfactory angle, a fourth line, or an 
accurately chained distance from a well determined point, 
is advisable. 

The necessity for dependence upon a measured line, 
with an established direction alone, for position, is some- 
times unavoidable ; but, except for minor details, it should 
never bo resorted to when other means are available. 
Occasional checks are very important, and, in a finished 
piece of work, no lengthened consecutive series of chained 
lines for positions should bo trusted without resections, for 
testa of accuracy. It is safer to combine both, unless the 
supply of signals is ample and they are favorably located. 

A judicious use of range lines from established points, 
or signals, will much economize time and facilitate work. 

Two range lines from well-determined points are equiv- 
alent in value to four intersecting lines. 

Tangent lines can only be used for determining the 
edges of woods, bends of streams, sweeps of shore-line, 
outlines of shoals, small ponds, and the outlines of other 
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objects when in unimportant localities, and are inadmis- 
sible for any purpose in wbich accuracy of delineation is 
•expected, save wbenthey form a polygon, by which abso- 
lute convexity at all points is to be represented, and even 
then the points or objects should be visited and sketched if 
possible. 

Where the topography surveyed includes the shore line 
of a body of water, the hydrographic survey of which is 
intended to follow the topographical work, as in the Coast 
Survey, it is the duty of the topographer to locate and 
determine the shore signals, and it is only necessary to 
state that they should be so placed as to furnish the hydro- 
graphic party with as many points as is desirable for the 
determination of positions on the watei'. 

It is well to mark all stations occupied along or near 
the shore by pegs driven info the ground, with stones about 
them, and give their positions upon the tracing furnished 
the chief of the hydrographic party, and he can then select 
such as are best adapted to his use. 

Natural or artificial objects along the shore, or in plain 
sight from the water, such as fence ends, rocks, prominent 
houses, and posts on wharves, etc., should be determined 
and marked upon the sheet. As some time may elapse 
between the labors of the two parties, the stations should 
be well secured above the wash of the tides. 

Lines to buoys and other permanent floating objects 
should be, as far as practicable, taken at the same stage 
of the tide, or direction of current, or the status of the tide 
noted at the time of observation. 

In the determination and tracing upon the chart of the 
low water line, so much in its outline is generally 
dependent upon the direction and force of the wind that 
no fixed rules for guidance can be given. 
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The delineation of the ordinary mean low water mark 
should be aimed at, and when it is beyond the reach of 
the plane table, and presents no marked points for deter- 
miuation, or is of a character that will not admit of put- 
ting up and working the instrument— as along the swampy 
shores of the South, where the muddy shoals extend far 
seaward, and among the shifting quicksands of our great 
estuaries and bays — it must be left to be traced by the 
soundings and tidal reductions of the hydrographic 
parties. 

It is always best to determine the high and low water 
lines, both at spring and neap tides. Having learned the 
range of tide, the topographer will know how long he can 
work without error. 

Where, oji the occurrence of any great or unusual storm 
or freshet during the working season, the low water line, 
which has already been surveyed, is found to have changed 
in form or locality, it should be resurveyed, and both the 
old and new outlines retained on the sheet, with the ap- 
propriate notes. 

As a feature which is quite interesting and important 
under certain circumstances to the hydographer, low 
water springs, having their origin and. outlet below the 
high water line, should be shown on the chart, where it 
can be done, in the regular routine of work. All grassy 
shoals should be delineated. They are always found in 
water scarcely agitated by waves or currents, and their 
shape and outline on the channel side is a very marked 
feature, and a good measure of the power of the current. 
Eel grasses should also be put upon the map, as indi- 
cating an antecedent accumulation of fine sand or soil. 

Orientation bj' the dechnatoirc or compass-needle, alone, 
is not reliable, unless for obtaining positions for rough 
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sketching in plane-table reconno'issance, but it may be. use- 
ful as an adjunct when an operator, in default of sufficient 
points, desires to obtain an approximate position. It is 
used by placing the straight edge of the box containing the 
needle upon a magnetic meridian, previously traced upon 
the chart, and revolving the table until the needle points 
to 0°, or north, on the graduated arc in the end of the bos. 
When the declinatoire is fastened to the rule, the edge of 
the rule is used. The magnetic meridian is roughly ob- 
tained at any well-determined station, when the table is 
properly oriented by the use of the declinatoire itself, the 
meridian line being drawn upon the sheet along the straight 
edge of the box when the needle points to 0°. 

In sketching or drawing, care should be taken not to 
lessen the size of natural objects, the scale being followed 
as far as practicable ; but in some cases, which will be ap- 
parent, it may be desirable to enlarge somewhat, but very 
cautiously. The topographer should learn to draw from 
nature readily, and at once, without being obliged to erase 
or interlineate. By working carefully at first this will be 
obtained in due time. 

Too frequent use of the India-rubber disturbs the fibres 
of the paper and renders the subsequent inking less neat 
and clear. The drawing should be plain and distinct, so 
as not to be obliterated easily by the movement of the 
alidade over the paper, but not so dark or heavy as to 
blur. The object should be solely to represent accurately 
the surface and elevation of the country surveyed, and 
it should be easy and natural, and not a stiff copy of con- 
ventional signs. 

Nothing should be left uncertain or indefinite, to be 
afterwards puzzled out or guessed at. As far as practica- 
ble, all work should be drawn in the field under the eye. 
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Sketching and plotting in the office from notes is object'ion- 
able, ualesa the country be near at hand for examination 
in case of doubt or a defective sketch, or of error of 
chaining. 

Too great care cannot be taken in the manipulation of 
the plane-table. There should be no pressure, and in 
moving the alidade, both it and the arm should always he 
raised clear of the hoard, so as not to rub over the sur- 
face of the sheet. 

The topographer should learn to distinguish, as a matter 
of economy in point of time, between the relative im- 
portance of different topographical features. While it 
should be the object to do all the work correctly, yet 
a line should be drawn between the expenditure of time 
necessary to a correct representation of the thickly- 
settled streets of ji town and the bend of an unimportant 
creek in an obscure and out-of-the-way swamp. Ex- 
peiiience alone can teach a proper discrimination in this 
respect. 

Contours. — If there be any feature which more pe- 
culiarly distinguishes one section of a country from 
another, imparting to it its most striking characteristic, 
and to which all other accidents of ground are subordinate, 
it is to be found in the inequalities or changes of the level 
of the surface, and it is the correct representation of this 
feature that calls forth the best skill and judgment of the 
topographer, and upon which the value of a map most 
materially depends. 

Previous to the commencement of work, it is well to 
become possessed of some knowledge of the country which 
is to be surveyed. A rapid examination of the ground, 
by showing whether it lies in regular parallel ridges and 
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intervening valleys, isolated hilts, gradually sloping plains, 
or broken, abrupt, and rocky declivities, and whether par- 
tially or entirely open, or wooded, will suggest to the 
topographer the best method of operation, and enable 
him to form a general plan of work which will result in 
economy in point of time, and, as a consequence, will pre- 
serve the continuity of contour from day to day as the 
work progresses. 

By keeping in view the characteristic features of the 
hills in the section of country under survey, the topogra- 
pher will be able to give a naturalness to a sheet, which, 
by a mere formal, though correct, delineation by prescribed 
rules, he could not effect. It is to be observed that the 
elevations and depressions, in their form and course, 
follow, or rather are a part of a general system of nature, 
however capriciously detached localities or even extended 
areas may appear to be excepted from the general law. 
Where these exceptions are found they can usually be 
traced to some breach of or interference with this law, and 
will be found to be confined solely to the locahty where 
the disturbing causes have operated. 

Thus the principal ridges will be found to tend in one 
general direction, either running pai'aUel with the main 
range which lies farther off, or forming spurs at right 
angles to it. Along the coast the latter is generally the 
case, as we there usually find the spurs, or the extremity 
of some main prominent inland range. When a single 
detached bill is found, or a series of them, presenting, as 
is sometimes the case, so smooth and regular an outline 
as to be compared to half a watermelon, and apparently 
located without any reference either in direction or charac- 
ter to the other elevations of the vicinity ; and so also 
when the ground presents the appearance of a confused 
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mass of broken hlaSs, rocky faces and cleft surfaces 
thrown together without any apparent regard to order or 
regularity, it ■will be found that the general delineation, 
when followed far enough, will show that the contours, 
whatever may be their local complexity and irregularity 
of outline, follow the same general direction as the main 
ridges of the sheet. Along the intermediate shores, upon 
islands, or long arms nmning far out into the sea, where 
the sandy knolls, or dunes and ridges, shift or change 
their outline under the influence of wind and tide, an es- 
■ception is found which calls for careful delineation, and 
the peculiar and striking character and forms of these 
should he portrayed with all possible exactness as an 
interesting and useful aid in the study of a correlative 
branch of geodesy. 

To the meteorologist and to the physical geographer 
the careful mapping of dunes is valuable, for, however 
familiar the locality may be, no eye-view can discover 
those recurring features which arc found in the map of an 
extended district. 

If a sandy district is exposed to permanent or prevalent 
dry winds, travelHng dunes will be found ; these are dis- 
tinguished from other hills by the contrast between the 
fore slope (on the lee side,) which is steep, and the near 
slope (on the windward side), which is gradual. Succes- 
sive surveys on sandy coasts, where close attention has 
been given to the contours of the dunes, are of great value 
for comparison if every detail is carefully given. Even in 
places where the winds are uncertain, proper contouring 
discovers dunes which travel along the resultant of the 
forces, and in the direction of this resultant the great dip 
of the fore slope is found. For such dunes the several 
slopes for different points of the compass are equally inter- 
esting. 
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On exposed points, projecting far into the sea, peculiar 
dunes, called galls, are found. They arc long, ridges of 
sand, broken by slough-ways. It has been observed that 
sometimes these slough-ways are parallel. Correct and well 
contoured topographical maps of the localities where they 
are found would aid much in a study of this interesting 
subject. Contours only would discover their order and 
exhibit the material system, wliich could not be done by a 
representation by hachures. 

The delineation of bluffs along the shore should also, for 
like reasons, be carefully executed, and when it is possible, 
a representation of their slopes should be given. Bluffs, if 
worn by the waves, will usually exhibit three slopes : 
1st, the caving slope at the top ; 2d, the talus ; 3d, the 
apron or flat, exposed wholly only at very low tides. The 
caving slope is sometimes perpendicular where tertiary 
country is being worn away — never where old dunes are 
yielding. The talus is usually of selected material — stones, 
perhaps. The talus and flat are generally wanting in 
bluffs worn by currents. 

As has been said, in no branch of surveying does so 
much depend upon skill, combined with good judgment 
and experience, as the faithful representation of hills over 
an extended and diversified area, and long practice and 
close obsen-ation only can give facility and accuracy in its 
execution. 

Various methods, more or less defective, in presenting 
a correct idea of elevations and depressions, have been 
contrived for topographical surveys ; but the graphic re- 
presentation of the successive gradations of level by means 
of horizontal lines, as at present employed in the Coast 
Survey, gives the nearest approximation to nature which 
has yet been devised, and when faithfully executed must 
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necessarily express very nearly, if not exactly, the shape 
and height desired. 

Contours, or horizontal curves, are the outlines of hori- 
zontal sections of ground at different elevations, with 
designated equal intervals between their planes, delineated 
in their true positions relatively to each other and the 
rest of the map, and agreeably to the scale of the map 
itself; or, briefly, a contour is the curve produced by the 
intersection of a horizontal plane with the surface of the 
ground. 

Perhaps contours may be described more simply as 
imaginary shore lines formed at stated or regular eleva- 
tions, by the water which is supposed to rise successively 
to these elevations over the face of the country. 

As each curve has equal vertical ordinates at all points, 
the elevation gr profile of a hill, as well as a model in 
relief, can be constructed directly from the map when it is 
accurately executed on a large scale, without further field 
measurements. 

A profile of a hUl is the outline or trace formed with 
its surface by a vertical plane cutting the hUl in any direc- 
tion. 

The annexed diagram, from actual survey (Plate No. 5), 
shows the profile, through the hne A' B', of the hill H, as 
represented on a topographical map. The full parallel 
lines upon the profile represent successive heights, or sec- 
tions of the hill of twenty feet, and the broken or inter- 
mediate hnes, XXX, those of ten feet. 

A reference to the letters upon the diagram is all that 
is necessary for a full understanding of the subject ; a is 
the shore line or high water mark upon the map, x xx 
are the ausihary ten-feet curves, /' the coincidence of 
curves upon the chart at the perpendicular face of the hill, 
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/ upon the section. This is the only case where contours 
of different heights rim into each other upon a topograph- 
ical plun. D', D' are depressions in the face of the hill 
represented on the profile by D, D ; df is a barranca or 
dry broken gully, and c' c' a water course. 

It will be plain that if we v^qv^ to suppose the water to 
rise to a height of twenty feet above the high-water Una, 
or to h on the profile, the twenty-feet curve upon the map 
would then become the shore line and the depression D' 
would become a pond of water ; and if the water were to 
rise to a height of thirty feet, the dotted broken lino would 
form the shore line, and the knoll Gr would become an 
island. 

Horizontal curves are drawn upon the map with the 
eye, after having obtained the heights, by means of which 
their positions are fixed, by the measurements of vertical 
angles with the arc of the alidade, or in detailed or special 
surveys, with the level. Where the slope is regular and 
tolerably steep, the tracing of them is attended with but 
little difficulty ; but where the rise is very gradual, giving 
large horizontal distances between the contours, even when 
the vision is unobstructed, or where the country is much 
broken or thrown into irregularly shaped knolls and de- 
pressions, presenting an intricate and confused variation 
of surface, the correct representation is, at times, very 
perplexing. 

As in some instances, owing to the smalluess of the 
angle to be measured, the vertical arc cannot be relied 
upon for close determination of heights, and it is evident 
that the nearer to a level a country is, the nearer it is ne- 
cessary to obtain the exact elevation for the location of 
the contours, recourse to the level is indispensable. With 
the beginner the observations for elevation can hardly be 
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too frequent, and he should constantly bear this in mind 
while at work, as well as the necessity for leaving frequent 
well-marked points of reference wherever it is practicable, 
or will serve a useful purpose. 

When triangulation points are occupied, or positions 
are determined by the plane-tahle preliminary to the reg- 
ular work, — in fact, whenever any station is occupied, its 
elevation should be taken, as well as the heights of such 
other prominent points or objects as may be commanded 
from it. Then in using these in working by resection, the 
topographer has necessarily as many points of reference 
for the determination of height as he has for determining 
his position. 

It is well, also, to get observations for heights as often 
as possible upon or from the plane of reference or high- 
water mark, and advantage should be taken, whenever it 
presents itself, of observing from the shore line in wooded 
districts upon any detached openings which may present 
themselves, and also upon rocks or any other natural or 
artificial objects upon the sides of the surrounding hiUs. 

"Where the heights of certain points have been taken by 
the triangulation party, or a few prominent ones have 
been determined by the theodohte or level, they should 
he used as often as possible as points of reference. 

When hills are inaccessible, the determination from 
accessible points of both the positions and heights of 
objects upon them, such as trees, rocks, stimips, etc., from 
which the positions and courses of the contours can be 
determined, should be sought for, and in thick forests the 
roads, paths, or the dry beds of streams may be found 
available for the use of either the vertical arc or level. 

Under certain conditions, as those of densely wooded 
heights and vales, inaccessible, precipitous ledges and 
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bluffs, etc., the operations of the surveyor are limited to 
an almost entire dependence upon the eye alone. This 
cannot be relied upon, of course, and should be avoided as 
much as possible. 

It is customary to represent on the usual Coast Survey 
field sheets, heights of twenty feet ; but occasionally, owing- 
to marked accidents of ground, it is deemed advisable to 
insert an intermediate or auxiliary contour, the practica- 
bility of doing which, however, is sometimes interfered 
with by the small scale of the map, taken in connection 
with the exceeding steepness of the declivity, giving rise 
to a liability of coincidence and confusion. The capability 
of representation in this respect depends, then, very much 
on the general nature and abruptness of the hills, as^ 
where very steep, the larger the scale of the map Ihe 
greater the number of curves which can be shown, as .in 
the French survey of Paris, where equidistant horizontal 
contours are drawn at every two metres of elevation. 

Contours should be filled in from each station while car- 
rying on the regular work, when it is possible to ascertain 
heights for that purpose, and in selecting positions for for- 
ward signals, and in prosecuting the work, reference should 
be had to the continuous and successive tracing of the con- 
tours on the map, both of those which are filled iu at and 
those from the station, as this will generally prove an 
economy of time, and the work can be executed with more 
facihty. When the operator is at a station whose eleva- 
tion has been accurately determined, lines should be taken 
to objects of equal height in all directions, and marked to 
that effect, subsequent intersections giving their positions ; 
this will be found of great assistance in running contours, 
and sa checks. Care should be taken in sighting to dis- 
tant objects to allow for the curvature of the earth. 
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With regard to the method of putting in contours from 
the base of the hill upward, owice versa, opinions differ- 
some preferring one course, some another ; but if the start- 
ing point be correct, it makes but Httle difference. Nei- 
ther of these systems should be specially adopted, but the 
peculiarities and demands of the other topographical fea- 
tures should be considered, and the work should be done 
so as to carry on both sunultaneously and to the best ad- 
vantage. It frequently happens that a piece of work is 
done in one part of a sheet, and then it becomes necessary 
to work in another, in which case the first, where heights 
are well determined, serves a good purpose as a check in 
closing. 

"When, as often happens, the work has been carried on 
in a wooded country, in a place where observations have 
not been taken for a long time, the importance of coming 
out upon some fixed point is evident. 

If this is impossible, as is sometimes the case, as in the' 
filling in of the topography in dense woods, in a rolling 
country, where tlie operator is confined perforce to the 
roads, frequently with very short sights, and there is no 
check to come out upon ; or when the work closes on the 
edge of the sheet, the use of the level in the hands of an 
aid, though consuming time, is indispensable. 

The determination of the heights of artificial features, 
such as fence corners, houses, etc., as an assistance in con- 
touring, should not be neglected. 

When the contour runs very near any remarkable acci- 
dent of ground, as a prominent spur or indentation, on 
general field maps of -nrliJTr scale, a sHght deviation above 
or below its true plane is admissible, although it is prefer- 
able to represent it by the introduction of the auxiliary 
curves, as shown in the sketch. 
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It is very desirable that all features within the twenty- 
feet curves, such as breaks in the ground, isolated bould- 
ers, rocks, etc., which cannot be legitimately represented 
by auxiliary curves, should be shown by hachures or con- 
ventional signs. When the rocks have a distinct stratifica- 
tion, or when cleft in certain directions, it should be indi- 
cated, if they or the scale of the map be sufficiently large 
to warrant it. 

It may happen that at certain points certain small fea- 
tures, which are unimportant in themselves, may interfere, 
with Ihe development of the general form of the contours, 
or their introduction may tend to produce confusion ; these 
are best omitted, but this omission should be optional only 
with the practical hand. It is a dangerous precedent to 
give latitude in this respect to a beginner. 

"When there is an abrupt rise, as in low bluffs, railroad 
embankments, etc., not above ten feet in height, on a scale 
of -mJiRr, it should be marked byhachures always tapering 
downwards, and all hachures should, in their direction, 
follow the downward flow of water or alluvion. 

Depressions of the ground in the midst of level tracts, 
or upon tops or slopes of hills, unless distinguished by 
ponds or marsh, should be marked with the letter D in 
red. 

The distinct summits of hiUs should be marked in figures 
when they form characteristic or remarkable features of 
the country. 

In measuring for heights or depressions with the alidade, 
the plane-table is carefully levelled and firmly clamped, the 
telescope is directed toward the point of observation, and 
moved until the cross-hairs are in the same vertical plane 
as the observed object. The telescope is then clamped by 
means of the screw at the top of the arms of the vertical. 
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arc, and the central cross-hairs, at or near their intersec- 
tion, are brought to cover the observed point by means of 
the tangent screw attached to the graduated arc. The 
angle read, the distance between the occupied point and 
the observed point measured on the map, and the height 
is taken from the table, which is appended. 
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Detail of use of labte of heights. 



1" 50' for 1, 700 metres = 179. 00 feet. 

I' BO' for 50 metres = 0.1 of 500 metreB = 5.26 feet. 

1* 50' for e metres = 0,01 of 600 metres = .63 feet. 

0° 07' for 1,700 metres = 12 . 10 feet, 

0° 07' tor 50 metres = .34 feet 

O" 07'.' 6 metres = .04 feet. 

Total 197.37 feet 



In these observations three stations at least should be 
observed upon when practicable, and the mean adopted. 
Of an instrument at times imavoidably subject to such 
rough usage as the alidade, the adjustment of the vertical 
arc should be frequently examined. 
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A material advantage in the attachment of the longitu- 
dinal level to the alidade would be found in the facility by 
which the instrument could then be used as a level in fol- 
lowing outlines of equal elevation, and would be particu- 
larly serviceable on gradually sloping ground.* 

A formula for computation of heights, which may prove 
of service ■ where no table of heights is at hand, is ap- 
pended. 

When, as is sometimes the case, a surveyor's level is 
employed, the determination of the position of the level 
pegs by the plane-table on the sheet is all that is necessary, 
and the contours can be readily traced. 

Barometric heights are admissible for approximate con- 
tours in reconnaissance where only a general survey of 
hills or of ranges of hills is expected. 

In using the aneroid barometer, in ordinary reconnais- 
sance, it will suffice to allow ninety-two feet of elevation 
for every 0.1 of an inch fallof the index. This allowance 
is for a mean temperature of the two stations of 55** 
Fahrenheit, and will vary with the temperature. 

Leslie's formula, simple and easily remembered, is a 
good approximation below 2,000 feet, and convenient for 

aneroid observations, viz. : 55,000 X ,. > ■ = height in feet, 

B being the upper, and b the lower, reading of the ane- 
roid. This is likewise for mean temperature of 55°. 

A very convenient instrument for a tolerably close loca- 
tion of contours, when carefully employed, is Locke's hand- 
level, which can be readily carried in the pocket, it being 
requisite only to know the height of the eye from the 
ground, and for the observer to stand equally erect at all 

* This has been attached to the recently made alidade. 
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points of observation, or to hold the level at a constant 
height upon a measured staff. 

Forrmdafor determining Mights by a vertical angle and dis- 
tance. — The difference of level consists of two parts — that 
which rises from the angle of elevation above the horizon- 
tal plane of the station, and that which is due to the cur- 
vature of the earth. The former depends upon the angle 
and distance, the latter upon the distance and the earth's 
radius. If a' be the angle of elevation in minutes of 
arc, d the distance, h the height, then, as the tangent of 
1' is 3-^^, we have for the first part k = War a' X d, i? h 
and d are both expressed in the same unite of length ; but 
if d is expressed in metres and h in feet, one metro being 
3.28 feet, we get h = nyrs a' d. For the fraction tti^s we 
may conveniently and with sufficient accuracy put t^W less 
i of TsW, and thus find the rule : — MuUiply Hie distance in 
metres with the number of minutes of arc, point off the thou- 
sandth part, and substract the twentieth part 'of the number 
ihusobtained. This will give the first portion of difference 
of height, whether elevation or depression. 

The second term, depending on the curvature, varies as 
the square of the distance, and amounts to 0.22 foot in 
1,000 metres, including the effect of ordinary refraction. 
As with the instruments under consideration extreme accu- 
racy is not attainable, it is plain that for distances under 
1,000 metres this term may be neglected. When the 
distance is greater we have the following rule : — Take the 
thousandth part of the distance in metres, square the same, 
having regard to tJie first decimal figure, andrnjuMply by 0.22. 
This term is always positive ; if the first term be an eleva- 
tion, it is increased ; if a depression, it is diminished by the 
second term. 
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Mcample. — Distance = 5,500 metres ; angle of elevation 



edx a' = 198.000 



subtract s 



9.9 



first term 188.1 

second term 6.6 



t Ao d — 5.5 
square = 30.2 
multiply by 0.22 

second term 6.64 



sum 194.7 = difference ofelevation in feet. 

Tbe above formula is near enough for distanees up to 
ten and fifteen miles, and will not differ by as much, as a 
foot from the result of a rigorous formula ; in fact, it wiU 
keep within the limits of uncertainty of tbe refractioii 
itself. 
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Chain. — However frequent may be the number of bases 
furnished by the secondary triangulation, and howpver 
serviceable as a substitute in the measurement of distances 
the telemeter may have proved itself, we cannot entirely 
dispense with the chain ; and as the circumstances under 
which its use is rendered necessary are mentioned else- 
where, it is only requisite to give a short description of 
the one employed in the Coast Survey. It is twenty 
metres long, and consists of that number of pieces of stout 
iron or steel wire, each piece or link being exactly one 
metre in length, and connected at either end with the next 
by being bent into an eye, through which passes a ring 
connecting it with the eye of the following link. For con- 
venience of carriage these links are subdivided into lesser 
ones in some chains ; but the advantage resulting from 
this is questionable, as the rupture almost invariably 
occurs at the joints, and multiplying them of course in- 
creases the liabdity to breakage ; besides, the "kinking," 
or tendency to overlap or double, is also increased in pro- 
portion to the number of joints. On the other hand, it 
may be said that the bending of the links is decreased in 
proportion to their shortness. 

At each extremity of the chain is a large ring, which 
slips over a staff held in the hand of the chain-man, and 
rests upon a projecting rim at the pointed iron shoe at its 
base. The centres of these rings at the ends of the extended 
chain are the extremities of a line of twenty metres, and 
the points at which the pins should be inserted during the 
chaining. 

As the strain constantly exerted upon the chain to 
straighten it must finally lengthen it by the " giving " of 
the rings, or as it may at times be shortened when the 
links are bent by being drawn over fences, rocks, or other 
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unyielding obstructions, it is well to test it occasionally by 
a careful verification. Grave difficulties have arisen where 
dependence has been placed entirely upon long chained 
distances from a neglect of this source of error. 

Adjusting screws are attached to the terminal rings of 
some of the chains, by wliich any error of length can be 
corrected. If a line of great length has been measured by 
an incorrect chain , the error in the Hne should be ascer- 
tained from the known error of the chain, and the plotted 
Une corrected accordingly. 

Each chain is accompanied by the usual number of pins, 
and a spring wire triangle for carrying them. The pins 
are also made of stout wire, about 18 inches long, pointed 
at one end, and bent into a ring at the other. It is well 
to attach white cotton or red flannel rags to the ring of 
each pin, that the rear chain-man may dittinguish it more 
readily in high grass, marsh, bushes, etc., and also at the 
ends of the five, t«n, and fifteen metre links of the chain, 
for facility in counting. These rags should be changed as 
they become soiled. 

Care should be exercised in the selection of intelligent 
chain-men, since it is often upon the precision of their 
work that the correctness of the survey in a great measure 
depends, and it is not always convenient or practicable for 
an assistant to accompany them. The better man of the 
two should be placed at the rear end of the chain, as he is 
the most responsible, and the forward man should imphcitly 
obey his instructions. In all important places, however, 
such as closely settled districts, villages, and towns, in the 
measurement of base lines or distances upon which anything 
of mark may depend, an aid should go with the chain and 
check the records of the men. 

When chaining is done in connection with the plane- 
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table and the station is reached, the chain should be 
drawn suE&ciently beyond and clear of the table to be 
out of the way, so that if more chaining is contemplated 
it does not have to pass between the legs of the instru- 
ment. 

With the class of young men usually employed as chain- 
men in the Coast Survey parties, it has been found safe 
and serviceable, after a little experience, in the absence of 
an aid, to have the rear man keep a chain-book, in which 
he notes all the crossings of high and low water, intersec- 
tions of brooks, fences, roads, etc., with rectangular offsets 
to all reasonably accessible points on either hand, includ- 
ing bottoms and tops of slopes, the record of tallies, and 
such other matters as may be needed, and may serve to 
assure accuracy in case of unfavorable intersections. 

It is the habit with some, in obtaining short distances 
to comparatively unimportant objects, to resort to pacing, 
and practice enables one to ascertain thus the distances 
sufficiently close for plotting on a -nr^inr scale ; but these 
distances should never be great, and the topographer 
should be well assured of the accuracy of the pace. The 
use of the telemeter, however, may take the place of this 
method. 

All distances to objects on either side of the chain Hue 
should be taken by offsets at right angles to it, and the 
book of the aid should, as far as possible, be so held that 
the line drawn as his guide in sketching should be in the 
same direction as the chained line itself, the better to 
enable him to draw his objects in their true relative 
positions. 

Where great accuracy is necessary the length of a grad- 
ual slope may be measured and the angle of inclination 
taken with the vertical arc, with repetitions, and the meas- 
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urement made reduced to the horizon by means of the 
following formula : 

Let y be the leogth of the line measured upon the 
slope, 6 its angle of inclination, and a; its length reduced 
to the horizon ; then — 

a:=y cos 6. 
The escess of y over a; may be computed by the formula, 

n ■ 1^ 
y — x=ly sm -k 

On very large scales, when parts of a metre are per- 
ceptible, Payne's tape, consisting of a narrow steel ribbon, 
which can be marked for minute distances, has been 
employed to advantage. It is convenient, also, for rapid 
reconnoissance in military surveys, and has been used un- 
der fire almost at double quick. Under these circumstan- 
ces three men were employed, the usual back and forward 
chain-man, with another to stand by the pins when stack 
until about half the chain had passed, then, by pointing to 
indicate the position of the pin to the back chain-man, and 
run forward in time to find, without difficulty, the forward 
pin, and also to change the pins at each tally. This tape 
wiU not stand as rough handling as the chain, and cannot 
be repaired in the field when broken, while the latter can 
lose one or more of its links and stOl be of service. The 
easy obliteration of the marks measured upon it by attri- 
tion has also been found a source of difficulty. All things 
considered, however, it is a very useful, compact, and 
handy instrument. 

Many instances showing the remarkable accuracy with 
which the chain can be employed with the plane-table 
might be given from the reports of the officers of the Coast 
Survey ; but it must be remembered that it is only to be 
used when other means are impracticable. 
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Telemetee. — In consequence of some of tlie disadvan- 
tages resulting from the employment of the chain, among 
which are the necessity of frequent dependence for correct 
distances upon the chain-men, the number of persons re- 
quired, the time consumed m its management, and the 
impediments to its use found in the features of some sec- 
tions of country, another instrument, styled the telemeter, 
has been advantageously introduced in the topographical 
work of the Coast Survey. 

It appears that instruments of this class were at first 
generally regarded by scientific men as merely ingenious 
inventions, and not as valuable in most respects as the 
ordinary method of chaining, the filling in of details form- 
ing a principal exception. From the experience of its use 
by the officers of the Coast Survey, however, it has been 
satisfactorily ascertained that the rapidity with which the 
details of a survey can be determined and sketched, the 
smaller number of men necessary to be employed, and that 
whatever errors may occur rest with the observer only, 
and the facility in using it in places where the use of the 
chain is impracticable, or at best difficult, render the tele- 
meter a very important acquisition. It is not considered 
that it will ever entirely supersede the chain as a measur- 
ing instrument, but it is undoubtedly a facile and useful 
substitute under certain conditions. 

The telemeter, as used in the Coast Survey, is simply 
a scale of equal parts, painted upon a wooden rod about 
10 feet long, 5 inches wide, and li inch thick, so gradu- 
ated that the number of divisions upon it, as seen between 
the upper and lower horizontal wires of the telescope, is 
equal to the number of units in the distance between the 
observer's eye and the rod held at right angles to the line 
of sight. 

In all cases the telemeter should be graduated experi- 
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mentally for the particular instrument and eye of the 
observer who has it in use. 

^ The horizontal wires in the diaphragm of the 

telescope should be accurately adjusted, and the 
divisions of the telemeter made to correspond 
T^T^rr] in length with the distance included between 
*^^v the upper and lower wires of the telescope at a 
carefully measured distance, and then divided 
into as many equal parts as there are units in 
the distance measured. 

For convenience of transportation it can be 
hinged in the middle, and secured on the side 
when in use. by a sliding bolt ; and as it is ne- 
cessary, when observed upon, that it should be 
held accurately at right angles to the line of 
sight, a small brass movable bar, with sights or 
a groove upon its upper edge, should be fixed 
upon the side of the rod at a convenient height 
for the eye of the rodmau, and which, when in 
position, will be perpendicular to the plane of 
the telemeter and directly in the line of sight- 
of the telescope. 

The correctness of the telemeter depends upon 
the closeness of the reading, and the accuracy 
with which the rod is held perpendicularly to- 
the Une of eight. 

"With ordinary care an error of reading should 
not occur even at the greatest distance denoted 
on the rod. With the observations carefully 
made, and the reading of the rod reduced to a horizontal 
plane, the greatest distance given by it — as usually 
divided — can be relied on as practically correct. There 
is no sensible error at any distance greater than 20 
metres and less than 260, and, generally speaking, the 
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telescopes of the Coast Survey alidades have not sufficient 
reading power beyond 400 metres, but it will generally 
be safe to rely upon it for any distance from 15 to 300 
metres, beyond which it cannot be read with accuracy 
for use in constructing a map on a scale of rehnr. 

The telemeter has been recommended for use in a great 
variety of cases where it becomes necessary to determine 
distances, in such close filUng in as the corners of streets, 
wharves, etc., determination of all classes of detail, in 
traverse, shore line, and even the establishment of posi- 
tions, but in the latter it is safe only to depend upon good 
intersections. It has been employed, however, in aU 
manner of detail, and is preferred by some to the chain, 
in all cases save in compactly built streets, and on long 
lines, where the distances are so great that the telescope 
will not admit of the accurate reading of the rod. It is 
maintained by some that where only a single point is to 
he seen, positions can be readily and accurately deter- 
mined. 

Tor the reduction of the hypothenuse to the base, the 
following table is given. 

Table for reduction of hypothenuse to base. 
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Reconnoissance. — The term reconnoissance, as applied 
to topography, is a somewhat indefinite one, or rather it 
might be said it is very comprehensive. When there ia 
any deviation from the closest attainable accuracy in a 
finislied plane-table sheet, it becomes, strictly speaking, a. 
reconnoissance map, and the rudest sketch of a country in 
which the features are delineated in rough approximation, 
which for certain temporary purposes is all that is needed, 
is likewise so called, so that in executing this kind of work 
with the plane-table there is much left to the judgment of 
the topographer. The amount of accuracy and closeness 
of detail required depends solely upon the object for 
which the survey is undertaken, and the time and expense 
allotted to its completion. It is always best, however, to 
strive for the greatest precision which the circumstances 
wUl allow, particularly as the sheet may at some future 
time become available for other objects than that origin- 
ally intended. 

To the practical surveyor it is unnecessary to give any 
rules for his guidance, as his knowledge of the plane-table 
and of the requirements of the special work which he is 
called upon to perform will enable him to execute it 
promptly and satisfactorily. To the beginner, however, a 
few words on this subject, together with a statement of 
some of the results of the work accomplished by the Coast 
Survey officers, may not come amiss. 

The recent war has shown in a forcible manner how 
little accurate information there was with respect to the 
topography of the interior of many of our Middle and 
Southern States, and the want of a sufficient number of 
topographers in the regular army was supplied, in answer 
to the calls of the War Department and various generals 
in the field, from the Coast Survey ; and in almost every 
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field of operations from the commencement of the war to 
its close, the plane-table was used. 

Until this time very little was known, save in theory, 
of the value of the plane-table as a reconnoitring instru- 
ment, and it is the testimony of all the officers of these 
parties, as the result of their labors, that for rapidity and 
accuracy in the execution of military reconnoissance it is 
more effective than any other instrument. 

The usual system adopted, in default of triangulation, 
was the measurement of a base with an ordinary chain and 
triangulating with the plane-table. 

In detailed surveys for the army, where a topographer 
averages about a square mile a day, a chained base of from 
'one-half to three-quarters of a mile for the survey of an 
area of twenty-five square miles, is found sufficient. 

At Chattanooga, from two different bases of about half 
a mile each, plotted on separate sheets, and measured once 
carefully with the common 20-metres chain, the same chain 
being used for both measurements, after considerable in- 
termediate plane-table triangulation, carried on by two 
officers, two objects were determined two and a half miles 
apart, common to both sheets, which were on a scale of 
T oioo , and the discrepancy was but about 15 metres. Many 
other points of junction indicated this to be the maximum 
error. In this case the leaves were mostly off the trees, 
and the hills afforded good points. The sheets covered 
about twenty square miles each. At Nashville there was 
a discrepancy of about 10 metres in two miles. This 
would not do, of course, in finished work, but it is very 
close under the circumstances. 

At other times, when the character of the country or 
the pressure of time did not admit of the measurement of 
a preliminary base and topographical triangulation, the 
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work was commenced by starting from a single point, and 
prosecuted by linear measurement with the chain, inter- 
sections from the ends of the chained lines being taken to 
determine objects, which, as the work progressed, could 
also be used as checks upon the chaining. Where circum- 
stances permitted, an occasional return with the chain to 
a back point, either to close a series of lines upon it or to 
start afresh, was resorted to. This work was generally 
carried on over roads, and the interior filled in by sketch- 
ing and intersections, as far as practicable. Some of the 
tests in this latter work, where the operations of two offi- 
cers joined, were remarkably close. 

It is estimated that with the usual number of hands and 
a good sketcher for aid, in a county of average variety of 
detail, in which all the houses, prominent barns and out- 
buildings, streams, roads, general outline of woods, and 
approximate curves are to be shown, on a scale of lui gg, 
an area of between two and three square miles can be 
filled in daily, with not only sufficient accuracy for military 
purposes, but so that an accustomed eye with "the map 
in hand would not discover any marked discrepancy." 

This rapidity of work, however, could not he expected 
in or near towns or populous districts. It is doubtful if 
the average work would reach more than one-half this 
amount. 

In some thickly wooded sections, and where time is 
limited, it has been found advisable to run the main roads 
with the plane-table, and fill in with the compass, which 
is more rapid but less accurate than where the entire 
work is done with the plane-table alone. The usual 
method employed, where these instruments were com- 
bined, was as follows: — Where the army was stationary, 
or moving leisurely, one main road was run with the 



dhy Google 



TOPOGHAPHICAL SURVEYING. 75 

plane-table, the operator being accompanied by assistants 
well practised in the use of the compass. Upon arriving 
at any important road or water-course, an assistant was 
sent to the right and left, starting from a plane-table 
point, determined by the chaining, and running as far as 
was requisite, and then returning to the main road again 
to repeat the operation, the compass notes, of course, 
being kept in a book prepared for the purpose. Promi- 
nent points determined by the plane-table were used as 
checks in the compass work. The intervening topography, 
where no compass or plane-table work had been done, 
was sketched in by the chief of the party, in which accu- 
rate pacing became of great service. 

Office Work. — All the drawing of the topographical 
features of a survey upon the chart should be pencilled in 
the field, while they are still under the eye. Sketching 
and plotting in the office from notes, unless the country 
be near at hand for ready reference in case of doubt or a. 
defective sketch, is objectionable. Where this is unavoid- 
able the sketch should be transferred to the sheet as soon 
as possible after having been taken, while it is fresh in the 
mind of the person by whom it was made, and by whom, 
also, if possible, it should bo plotted. Days which, from 
inclemency of the weather, are unfavorable for out-of-door 
work, should be allotted to this purpose, and advantage 
should be taken of them, also, for retouching any details, 
of the sheet which may have become indistinct, as it is 
very important that they should not be left indefinite or 
become obhterated ; for when the inking is done, as it 
generally is, at a distance from the field of operations, the 
necessity for this care is obvious. Nos. 4 and 5 pencils 
are good for this purpose, for which very hard or very 
soft and black pencils are equally unsuited. 
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In the inking of a topographical sheet three requisites 
to its proper appearance when finished should be borne m 
mind : — clearness, neatness, and uniformity. 

The lines and objects should be clean and sharply 
defined, nothing being left obscure or doubtful ; the 
paper should be kept unsoiled, and erasures avoided 
as far as possible, and the style and strength of the 
drawing should be the same throughout. It is an impor- 
tant matter that an easy and natural appearance should 
be given to the map, for, as before remarked, a mere rigid 
adherence to conventional signs is not all that is necessary ; 
while there should be no deviation in this respect, at the 
same time the draughtsman should strive to represent the 
country. There is a great difference with regard to this 
among topographers. Two perfectly correct charts of the 
same section of gi'ound, executed by different persons, 
may be inked, and while one will have a stiff and ungrace- 
ful look, the other will appear artistic and natural, giving 
at once the impression of a sincere representation of the 
country surveyed. 

Office work should not be commenced until the topog- 
raphy is entirely completed, as no inked or partially 
inked chart should ever be used in the field. Sometimes, 
for the special examination of old work, or for the inser- 
tion of some recent artificial or natural changes, this be- 
comes necessary. There is always a risk of injuring an. 
inked map by exposure to the weather or by using it upon 
a plane-table. 

The inking should commence with the shore-lines, high 
and low water. The high-water, or shore-line proper, 
should, in all cases, be full and black, the heaviest lines 
on the sheet, and in this, as in all the rest of the ink-work, 
the lines of the survey should be strictly adhered to. 
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The topography as drawn in the field is supposed to be 
correct when the chart is finished, and no office amend- 
ments or changes are admissible. The low-water Une is 
next drawn, not so full as the former, but clear, black, and 
uniform, consisting of a dotted line for sand and mud, and 
the conventional sign where it is formed by shells, rocks, 
or coral reefs. 

Grass upon flats, or shoals covered at high tide, have 
no distinct continuous Hne to mark their limits, each being 
represented in its proper form and within its area by its 
conventional sign only, but the shape should be well and 
correctly defined. All objects between high and low 
water, covered at full tide, should be represented less 
boldly than the rest of the map, but not faintly or indefi- 
nitely. 

The roads should next be inked, plainly and evenly, 
with parallel sides, except where the survey shows a devi- 
ation from the general width. Where a road is fenced the 
fence should be shown by the usual sign, and where there 
is no enclosure a dotted line should indicate the road-side, 
and then should follow the fences and houses. In draw- 
ing the latter, care must be taken that the corners and 
angles exhibit a sharp, clear outline, winch adds much to 
the appearance of the map. 

The general skeleton of the survey being now com- 
pleted, the contours are drawn with a bold, uniform, plain, 
red line, without break, over all the other work, following 
accurately the full range of level of each of the contours 
on the sheet. 

After this comes the general filling in, by conventional 
signs, of sand, marsh, grass, cultivation, orchards, rocks, 
hachures, etc. Some practice is needed to execute the 
sand-work regularly and neatly. It should never be hur- 
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riedly done, though, of course, rapidity in this respect fol- 
lows practice. The lines representing marsh, and the 
delineation of grass on the fast land, should always run in 
the same direction over the whole sheet, and be parallel 
to the top of the sheet and the title. The appended 
drawing (Plate No. 6 ) gives the conventional signs as 
adopted by and now used in the Coast Survey. 

The most difficult part of the inking for a beginner is 
the lettering, which now follows, and for whicli samples 
are given (Plate Ko. 6 ). It is expected that every topog- 
rapher shall have learned to draw sufficiently well to ink 
his sheet in a clear and distinct manner, and letter it with 
some regard to neatness and graphic effect, as the appear- 
ance of an otherwise well-inked sheet is sometimes marred 
by careless or indifferent lettering. 

The location of the names upon the sheet should be 
such as to not cover or obliterate any detail or feature of 
the survey, and the letters should be put in neatly and 
gracefully, and in point of size and form according to the 
specimens furnished. The title should finally follow, with 
such notes as may be necessary to explain any peculiarity 
of the sheet or survey. This title and lettering should, as 
far as practicable, be so placed that when the sheet is held 
with the top (usually the north or east end of the map) 
from you it can be easily read ; in other words, as nearly 
parallel to the top or upper end of the sheet as the nature 
of the work will admit. All names well established and 
recognized in a neighborhood, both general and local, 
should be collected during the survey, and their correct 
orthography ascertained, and^ in case of any doubtful or 
disputed orthography, a report should be given of any tra- 
ditions or any authorities which may bear upon the sub- 
ject. No illuminated or German text, old English, or what 
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is known as " fancy printing," should be indulged in, a 
strict adherence to simplicity being maintained. 

The minutes of the parallels of latitude and meridians 
of longitude should be marked in figures at the upper and 
right-hand ends, respectively ; the degrees, on the centre 
parallel and centre meridian only. 

"Where the buoys are determined by the topographer, 
and their names, colors, numbers, or kind are known, they 
should be lettered upon the map. 

The triangulation points should also be lettered, first 
being surrounded by a small circle. The magnetic meri- 
dian should be drawn with a half fleur-de-Us at its head, 
and the true meridian, where no projection is used, with 
a full one. 



dhy Google 



dbyGoogle 



SCIENTIFIC BOOKS 



D. VAN NOSTRAND, 

23 Murray Street and 27 Warren Street, 

KEW YORK. 

Any Book in tliis Catalogue, sent free by mail on receipt of price. 



Weisbach's Medianics. 

Fonrth Edition, Revised. Svo. Cloth, SlO.OO. 

AManuai. of Theoeetical Mecuajs-ics. By Julius Weiabach, Ph. D. 

Translated from the fourth augmented and improved German edition, 

with an introduction to the Calculus, by Eckley B. Coxa, A. fil., 

Mining Engineer. 1100 pages and 902 wood-cut illustrations, 

Francis' Lo"\veU Hydraulics. 

Tliird Edition, ita. Cloth. 815.00. 
Lowell IItbraitlic Expekiments — being a Selection from Experi- 
ments on Iljdraulio Motors, on the Flow of Water over Weirs, and in 
open Canals of Uniform Rectangular Section, made at Lowell, Mass. 
By J. B. Francis, Civil Engineer. Third edition, revised and enlarged, 
including many New Experiments on Gauging Water in Open Canals, 
and on the Flow throngh. Submerged Orifices and Diverging Tubes. 
With 23 copperplates, beautifully engraved, and about 100 aew pages 
of test. 

Kirk^wood. on Filtration. 

4to. aoth. 5i5.oa 

Rrpokt ok the Filtration or River Wateks, for the Supply of 
Cities, as practised in Europe, made to the Board of Water Conunis- 
sionera of the City of St. Louis. By Jamks P. Kirkwood. lUustra- 
ted by 30 double-plate engravings. 



dbyGoogle 



2 SCIENTIFIC BOOKS PUBLISHED BY 

Rogers' Geology of Peimsylvaiiia. 

S Vols. 4to, with Portfolio of Maps. Clotli. $30.00. 
The Geology of Peknsti.vakia. A Government Survey. With a gen- 
eral view of the Geology of the United States, Essays on the Coal For- 
mation and its Fossils, and a liescription of the Coal Fields of North 
America and Great Britain. By Hssur Dabwin Rogers, Late State 
Geologist of Pennsylvania, Splendidly illustrated with Plates and En- 
gravinga in the Text 

Merrill's Iron Truss Bridges. 

Third Edition. 4to. Cloth. S5.00. 

Ikon Truss Huidges fob Railroadb. The Method of Calculating 
Strains in Trusses, with a careful oompariso'* of the moat prominent 
Trusses, in reference to economy in combiijation, etc., etc. By Bvt. 
Col. William E. Meheill, U.S.A., Corps of Engineers. Nine litho- 
d plates of illustrations. 



Slireve on Bridges and Roofs. 

8vo, 8T wood-cut Illustrations. Cloth. $5,00. 
A Tbkatise on thk Strength of BiHDaBs and Roofs — comprising 
the determination of Algebraic formulas for Strains in Horizontal, In- 
clined or Rafter, Triangular, Bowstring, Lenticular and other Truasea, 
from fixed and moving loads, with practical applications and examplea, 
for the use of Students and Engineers. By Samuel H. Shrere, A. M., 
Civil Engineer. 



The Kansas City Bridge. 

4to. Cloth. $6.00 

With an Account op thh Eegimen of the Missouri River,— and 

a description of the Methods used for Founding in that River. By O. 

Chanute, Chief Engineer, and George Morison, Assistant Engineer. 

Illustrated with five lithographic views and twelve plates of plans. 



Clarke's Qnincy Bridge. 

«o. Cloth. 87.B0. 
Dbscbiftion op the Ikon Railway. Bridge across the MisaisiiKd 
River at Quincy, Illinois. By Thomas Curtis Claiie, Chief Engineer. 
With twenty-one lithographed plans. 



dhy Google 



D. VAN NOSTRAND. 8 

VVliipple on. Bridge Building. 
New edition. 8™. Eliistrated. Clotli. 54. 
An Elementary and Peactical Treatise on Beidge Building. 
By S. Whipple, C. E. 



Roebling's Bridges. 

Imperial folio. Cloth. 825.00. 
Losa and SnOKT Span Eailway Bridges. By .foha A. Eoebling, 
C. E. With large copperplate engraviogs of plana and views. 



Dubois' Grraphical Statics. 
8vo. CO Illustrations. Cloth. 81.50. 
The New Method of Graphicai. Statics. By A. J. Dubois, C. 15., 
Ph.D. 



Spangenberg's Fatigiie of Metals. 

ISmo. Boards. 51} cents. 

The Patigob of Metals under Repeated Strains, with varioui 

Tables of KeEuhs of Experiments. From the Oerinan of Prof. Ludwig 

Spangeoherg. With a Preface by S. H.Shreve, A.M. With iliuatrations. 



Bq-w on Bracing. 

166 ElusttatJons on Stone. Sto. Cloth. 3l.6a 

A Treatise on Bracing, — with its application to Bridges aiid other 
Structures of Wood or Iron. By Robert Heni-y Bow, C. E. 



Stoney on Strains. 

New and Revised EditJou, with numerous illuBtrations. Eoyal 8vo, 6G4 pp. 
Cloth. 313.50. 

Tne Theory of Strains in Girders — and Similar Stnictures, with 
Observations on the Application of Theory to Practice, and Tables of 
Strengtli and other Properties of Materials. By Bindoa B. Stouey, 
B. A. 



Henrici's Skeleton Structures. 

8vo. Cloth, si.ea 

Skeleton Structures, especially in their Applieatioa to the buildiog 
of Steel and Iron Bridges. By Olaus Hknrici. 



dbyGoogle 



4 SCIENTIFIC BOOKS PUBLISHED BY 

B argil's Modern Marine Engineering. 
One thick 4to vol. Clotk. 825,00. Half moraoco. $30.00. 
Modern Mabinb Esgineerojo, applied to Paddle and Screw Propul- 
fiion. Consisting of 39 Colored Plates, 259 Practical Wood-cut IUa9- 
tratioDB, and 403 pages of Descriptive Matter, the whole being an ex- 
position of tlie present praotics of the following firms; Messrs. J. Penn 
& Sons ; Messrs. Jlandslay, Sons & Field ; Messrs. James Watt & Co. ; 
Messrs. J. & G. Kennie; Messrs. R. Napier & Sons; Messrs. J. & W- 
Dudgeon ; Messrs. Kavenhill & Hodgson; Messrs. Humphreys & Ten- 
ant; Mr. J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bukoh, 
Engineer. 

King's Notes on Steam. 
Nineteenth Edition. Svo. $2,0a 
Lessoks and PiiACTtCAL Notes os Steam, — the Steam Engine, Propel- 
lers, &c., &c., for Young Engineers. By the late W, li. Kish, U. S. N. 
Kevised by Chief-Engineer J. W. Kiko, U. S. Havy. 

Link and Valve Motions, by W. S. 
Ancliincloss. 

Sixth EdiHoQ. 8to. Cloth. JS.Oa 
Application op the Slide Valve and Link Motioa to Stationary, 
Portable, Locomotive and Marine Engines. By William S. Auchin- 
CLOss. Designed as a hand-book for Mechanical Engineers. Dimen- 
sions of the valve are found by means of a Printed Scale, and propor- 
tions of the link determined willwut the assistance of a model. With 
37 wood-cuts and 21 lithographic plates, with copperplate engraving of 
the Travel Scale. 

Bacon's Steam-Engine Indicator. 
12mo. Ooth. $1.00 Bloc. $1.50. 
A Tkeatisk on the Eichards Stsaw-Engine Indicator, — with 
directionsfor its use. By Cn ahi.es T. Porter. Eevised, withnotes 
and large additions as developed by American Practice, with an Ap- 
pendix containing useful formulfe and rules for Engineers. Bj F, W. 
Bacon, M. E., Illustrated. Second Edition. 

Islier-wood's Engineering Precedents. 

Two Vols, in One, 8vo, Qoth. $£60. 
EsGiNEEiiiNO Prbcbdents for Steam MACniKEitT. — By B. F. Isbkii- 
wooD, Chief Engineer, U. S. Navy. With illustrations. 



dbyGoogle 



B. VAN NOSTSAND. 



Slide Valve by Eccentrics, by Prof. C . W. Mao- 
Cord. 

4to. niiastrated. Clotli, $3.00 
A Practical Treatise on the Slide Valve bt Eccentrics, — 
examiniDg by methods the action of the Ecnentrie upon tha Slide 
Valve, andesplainingthepractieal processes of iayingout the moTemente, 
adapting the valve for its various duties in. the steam-engine. For tho 
use of Engineers, Draughtsmen, Machinists, and Students of valve 
motions in general. By C. W. MacCord, A. iL, Professor ot 
Mechanical Drawing, Stevens' Institute of Techoology, Hobokea, N. J. 



Stillman's Steam-Engine Indicator. 
12mo. Cloth. Sl.OO 
Thb Steam-Enoine Indicator, — and the Improved Manometer Steam 
nnd Vacuum Gauges ; their utility and application. By Paul Still- 
man. Now edition. 



MacOord on Slide Valve. 

4to. Cloth. Illuatrated by 3 full-page copperplates. 84.00. 

A Practical Treatise on the Slide Vaivb by Eccentrics. Esam- 

ining by methods the action of the Eccentric upon tlio Slide Valve. 

For the ubi; of Ennineerp, Draugbtsmen, Machinists, and Students of 

Valve Jlotiona in General. Bj C. W, MacCord, A.M. 

McCnlloch's Theory of Heat. 

8vo. aoth. 3.60. 
A Treatise on the Mechanical Theory op Heat, and its 
Applications to the S team-Engine. ByProf. R. S. McCulloch, 
of the Washington and Lee University, Lexington, Va. 

Van Bnren's rormnlas. 

8vo, Cloth, S2.00. 

Investigations of Form ut as,— for the Strength of the Iron parts »f 
Steam Machinery. By J. D. Van Bukes, Jr., C. E. Illustrated, 

Stuart's Successful Engineer. 
ISma Boarfs. GO cents. 
How TO Become a Successful Engineer. Being Hints to rouths 
intending to adopt the Profession. By Bernard Stuart, En^oer. 
Sixth Edition. 



dhy Google 



» SCIENTIFIC BOOKS PUBLISHED BY 

Stuart's Naval Dry Docks. 

Twanty-Ioor eogravinga on steeL Fourth edIKon, ilto . Cloth. S6.00. 

The Naval Dry Docks op the United States, By Charles B. 
Stuart, Engineer in CMet U. S. Navy. 



Ward's Steam for the Million. 

8vo. Cloth. $1,00. 
Si SAM FOR the Ifii-trON. A Popular Treatise on Steam and ltd 
Application to tlie Useful Arts, especially to Navigation. By J. H. 
Ward, Commander U. S. Navy. 



Tunner on Roll- Turning. 

1 ToL 8to. and 1 vol. folio plates, f 10,00, 
A Treatise os Koll-Tursinu fob the Manufacture of Iron, 
by Peter Tunner. Translated by John B. Pearse, of the Penn- 
sylvania Steel Works. With numerous wood-cuts, 8yo., together with 
a folio atlas of 10 lithographed plates of Rolls, Measuremeuta, &c. 



Gruner on Steel. 

8to. Cloth. $3.50. 



The SIanufactuke or Steel. ByM. L. Gruner ; translated from 
the French. By Lenox Smith, A.M., E.JI. ; with an Appendix on 
the Bessemer Process in the United States, by the translator. Illus- 
trated by lithographed drawings and wood-cuts. 

Barba on the Use of Steel. 

12mo. Illustrated. Qotli. 81-50. 

Th» Use of Steel in Construction. Methods of Working, Apply 

ing, and Testing Plates and Bars. By J. Baisba, Chief Naval 

Constructor. Translated front the French, with a Preface, by A. L. 

IIOLLET, P.B. 

Bell on Iron Smelting. 
8vo. Cloth. 86.00. 
Cheuical Phenomesa op Iron Smki.tikg. An experimental and 
practical examination of the circumstances which determina the 
capacity of the Blast Furnace, the Temperature of the Air, and the 
Proper Condi tioa of the Materials to be operated upon. By 
J. LoWTHiAN Bell. 
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The Useful Metals and their Alloys ; SooiFren, 
Tru-ran, and others. 
Fifth Edition. 8vo. Halt calf. &i.7G 
The Useful Mbtalb and theik Alloys, employed in the winver- 
sloQof Ikon, Coppbe, Trs, Zinc, Antimony, and Lead Okeb, 
with their applications to the Industrial Arts. By John Scop- 
trek, William Truran, William Clay, Robert Oxland, 
William Fairbaiem, W. C. Aitkin, and William Vose Pickett. 



Collins' Useful Alloys. 
]8mo. riesible. 50 cents. 
The Private Book op Usbfdl Allots and Memoranda for (Jold. 
smiths, Jewellers, eto. By James E. Collins. 



Joynson*s Metal Used in Construction. 
12mo. Cloth. 75 centa. 
The Mbtals Used in Construction: Iron, Steel, Bessemer Metal, 
etc., et«. By FnANCia II. Jotnson. Illustrated. 



Dodd's Dictionary of Manufactures, etc. 

12mo. Qoth. 81.60. 
DicTiONAUT OF Manufactures, Mining, Machinery, and thi 
Industrial Arts. By George Dodd. 



Von Cotta's Ore Deposits. 

8to. Cloth. S4.00. 

TnEATisB ON Orb Deposits. By Bernhard Tos Cotta, Professor 
of Geology iu the Koyal School of Mines, Freidburg, Saiony. Trans- 
lated from the second German edition, by Frederick Prims, Jr., 
Mining Engineer, and revised by the author; with numerous lUiia- 
trations. 



Plattner's Blo-w-Pipe Analysis. 

Third Edition. Kevised. 568 pages. 8vo. Cloth. 85.00. 
Plattskr's Manual op Qualitative and Quantitative Analt- 
sis WITH the Blow-Pipe. From the last German edition, Eevised 
and enlarged. By Prof. Tn. Richter, of the Royal Sason Mining 
Academy. Translated by Professor II. B. Cornwall ; assisted by 
John H. Caswrll. With eighty-seven wood-cats and Lithographia 
Plato. 
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Plympton's Blow- Pipe Analysis. 

ISmo. Qolh. 81.60. 
The Blow-Pipe: A Guide to its Use ia tio Determinatioii of Salts 
and Minerals. Compiled from various sources, by Geobqb TV. 
Plympton, C.E., A.M., Professor of Physical Science ia the Polytech- 
nic Institute, BrQoklju, N.Y, 



Pynclion's Cliemical Physics. 

New Edilion. Eeviaed and enlarged. Crown 870. Cloth. 63.00. 
ISTitODUCTiON TO Chejiical PnTSiCs ; Designed for the Use ol 
Academies, Colleges, and High Schools. Elustrated with cumeroua 
engravings, and containing copious experiments, with directions for 
preparing them. By Thomas Euggles Pywchon, M.A., President 
of Trinity College, Hartford, 



Eliot and Storer's Qualitative Chemical 
Analysis. 

New Edition. Revised, 13mo. Kustraled. Ooth. Sl.50. 

A CoMPESDious Manual op Qualitativb Chemical Asalysis. 

By Charles W, Eliot and Frank IL Storer. Revised, witii 

tlie cooperation of the Authors, by William Eipj.ey Nichols, 

Professor of Chemistry in tlie Mas,sachiiaett8 Institute of Technology. 



Eammelsberg's Chemical Analysis. 

Svo. aoUi. $2,25. 

Sdide to a Couhse of Quantitatite Chemical Analysis, 

Especially op Minerals asd Furnace Fbodocts. Illustrated 

by Examples. By C. F. Eammet.sberq. Translated by J. Towler, 

M.D. 



Naquet's Legal Chemistry. 
Illustrated. I2iiio. Cloth. 82.00. 
Legal Chemistry. A Guide to the Detection of Poisons, Falsifica- 
tion of Writings, Adulteration of Alimentary and Pharmaeeutieal 
Substances ; Analysis of Ashes, and Examination of Hair, Coins, 
Fire-arms, and Stains, as Applied to Chemical Jurisprudence. For 
the Use of Chemists, Physicians, Lawyers, Pharmacists, and Experts. 
Translated, with additions, including a List of Books and Memoirs 
on Toxicology, etc., from the French of A. Naquet. By J. P. 
Battershall, Ph. D., with a Preface by C. F. Chandler, Ph. D., 
M.D., LL.D. 
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Prescott's Proximate 'Organic Analysis. 

lamo. aoth. 81.75. 

OoTLiNEB OP Proximate Okgasic Analysis, for the Identification, 
Separation, and Quantitatiyo Determination of tlie more commonly 
ocoumug Organic Compounds. By Albert B. Pbescott, Professor 
of Orgaoio and Applied Chemistry in the University of Michigan. 



Prescott's Alcoholic Liquors. 

12mo. Cloth. 61 -Ba 
Chemical Ekaminatios' op Alcoholic Liquors. — A Manual of the 
Constituents of the Distilled Spirits and Fermented Liquors of Com- 
merce, and their Qualitative and Quantitative Determinations. By 
Albert B, Prescott, Professor of Organic and Applied Chemistry 
in the Uuiversity of Michigan. 



Prescott and Douglas's Qualitative Chemical 
Analysis. 

Second Edition. Kevised, 8vo. Cloth. S8,50. 
A Guide in tlie Pra<;tical Study of Chemistry and in the Work of Analysis. 



Mott's Chemists' Manual. 

8vo, 650 pages Cloth Jb 00 

A Practical Treatise oh Chemibtry (Qualititive and Quanlitati^e 
Analysis), Stoichiometry, Blowpipe Anilysia, Mineralogi V'jqijing, 
Pharmaceutical Preparations, JIumaa Secrttions, Specilic Graiities, 
Weights and Measures, etc., etc., etc By Henbt A. Mott, Jr., E. M., 
Ph. D. 

Beilstein's Chemical Analysis. 

12roo. aotli. 76c. 

Aw Introduction to Qc^alitativb Chemical Asalysis. By F. Beil- 
steih. Third edition, translated Ijy I. J. Osbdn. 

Caldwell & Breneman's Chemical Practice. 

8to. Clolh. 188 pages, Ulustrafed. Nen and Eulargeil edilion. Si. 50. 

Masdal op Introductory Chemical Practice, for the use of Students 
in Colleges and Normal and High Schools. By Prof. Geo. C. Cald- 
ivELi. and A. A. Brbneman, of Cornell University. Second edition, 
revised and corrected, 
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Gillraore's Limes and Cements. 
Fifth Edition. Revised aud Enlarged. 8vo. Cloth. W-OO- 
Practical Treatise oh Limks, Htbraulic Cements, and Mor- 
tars, By Q. A. GiLLMORE, Lt.-Col. U. S. Corps of Engiaeers. 
Bre/et Major-Geaeral U. S. Army. 



Gillni ore's Coignet Beton. 
Niue Plates, TiewB, etc. 8yo. Cloth. 53-50. 

CoiONHT Beton and Other Artificial Stone. — By Q. A. Gill- 
more, Lt.-CoI. U. S. Corps of Engineers, Brevet Major-General U.S. 

Grillniore on Koads. 
Sereuty IlluBtratioiia. 13iao. Cloth. 82.0a 

A Practical Treatise on the Cowstrpction op RoAoa, Strsets, 
AND Pavements. By Q. A. Gillmore, Lt.-Col. U. S. Corps of 
Engineers, Brevet Major-Geaeral U. S. Army. 



Gillmore's Bnilding Stones. 
8vo. Cloth. 81.00. 
N Strength of thb Bdili>ino Stones is the United 



Holley's Railway Practice. 

1 vol. folio. Cloth. 812.00, 

American and Ecbopean Railway Practice, in the Economical 
Generation of Steam, including tlie materials and construction of 
Coal-burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-heating, Supplying and Heating Feed-water, &c., 
and the adaptation of Wood and Coke-bTiming Endues to Coal- 
burning ; and in Permanent Way, including Eoad-bed, Sleepers, 
Eails, Joint Fasteninga, Street Railways, etc., etc. By Alexander 
1,. HoLLET, B.P. With 77 lithographed plates. 



Useful Information for Rail^way Men. 
Pocket form. Morocco, gilt. f2.00. 
Compiled by W. G. Hamilton, Engineer. Hew Edition, Rnvised 
and Enlarged. 577 pages. 
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Sto. niuatrated. Goth. K-OO. 
The Civil asd Militaky Enginkeks of America, By General 
CuARLBS B. Stuart, Author of " Nayal Dry Docks of tka United 
States," etc., etc. Embellished ■with nine finely-executed Portraits 
on steel of eminent Engineers, and illustrated by Engravings of some 
of the moat important and original works constructed in Auierica. 

Ernst's Manual of Military Engineering. 
193 Wood-cuts and 3 Litliographod PlaWs. 12mo, Cloth. 85.00. 
A Manual of Phactical Military EsaiNEERisa. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt. O. H. Ernst, Corps of Engineers, Instructor ia 
Practical Military Engineering, U. S. Military Academy. 

Simms' Levelling. 

12mo. Cloth. $3.Bft 
A Treatise on the PHiNCirLES and Practice of Levellino, 
showing its application to purposes of Railway Engineering and the 
Construction of Eoads, etc. By Frederick W, Simms, C.E. From 
the fifth London edition. Revised and Corrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Eailway Curves. 
Illustrated with three lithographic plates and numerous wood-cuts. 

Jeffers' Nautical Surveying. 

IlIuBtiatedwith9Copperplatesaiid31Wood-cntIlIuBtralJoDs. 8vo. Cloth. $5.00. 
Nautical Surveying. By William N. jEPPERg, Captain U. S. 

Text-book of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Cloth. $3.00. 

A Text-book on Survetino, Projections, and Portable Instbdmentb, 

for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table- 

8vo, Cloth, S2.00. 
Its Usis iw ToPO«iA«nc*i. SOBTBTwa. From the paptrs of the 



S. OoMt 8wT«r. 
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Chauvenet's Lunar Distances. 

8T0. Cloth. 82.0a 

Nbw MnTHOD OF CoRRECTiK'o LuN^Ait DisTANCBB, Emd Improved 

Method of Findiitg the Error and Bate of a Chronometer, by e<jual 

altitiidea- By Wm. Chapvenet, LL,D., Chancellor of Washington 

University of St. Louis. 

Burt's Key to Solar Compass. 

Second EditJon, Poeket-book form. Tuck. $2.50. 
Key to the Solak Compass, and Surveyor's Companion ; comprising 
all the Eufes necessary for use in the Field ; also Description 01 the 
Linear Surveys and Public Land System of the United States, NoteB 
on the Barometer, Suggestions for an Oiitdt for a Survey of Four 
Months, etc. By W. A, Burt, U. S. Deputy Surveyor. 

Howard's Earthworlj: Mensuration. 

8vo. Illustrated. Clotli. Sl-50. 
Earthwork MssauHATioy on the Basis op the Pkismoidal 
FOEMULfi. Containing simple and labor-saving method of obtaining 
Prismoidal Contents directly from End Areas. Illustrated by 
Examples, and accompanied by Plain Rules for practical uses. By 
Conway K. Howard, Civil Engineer, Richmond, Va. 

Morris' Easy Rules. 
73 IQustrations. 8vo. Clolh. Sl.BO. 
Easy Ehles for toe Mgasuremest of Earthworks, by meana of 
tho Prismoidal Formula. By Elwood Morris, Civil Engineer. 

Clevenger's Surveying. 
IlluEtrated Pocket Form. Morocco, gilt. S2.B0. 
A Treatise on thk Method of Government Surveying, as 
presaribed by the U. S. Congress and Commissioner of the General 
Land Office. With complete Mathematical, Astronomical, and Prac- 
tical Instructions for the use of the U. S. Surveyors in the Fi«ld, and 
Students who contemplate engaging in the business of Public Land 
Sm-veying. By S. V. Clevenobr, U. 8. Deputy Surveyor. 

He'wson on Embankments. 

3vo. Cloth. S2.00. 

PRISCIM.E3 AND Praotice OB" EsiBANEiNG LANDS from River 

Floods, as applied to the Levees of the Mississippi. By Wn-LiAif 

Hewbon, Civil Engineer. 
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MinifLe's Meoliaiiical Drawing. 
NiDth Edition. Royal 8ro. Cloth. $4.00. 
A Tkkt-Book of Geometkical Dhawino, for tha uae of Meclianics 
and Schools- With il lustration 3 for Drawing Plans, Sections, and 
Elevatioua of Buildings and Machinery ; an Introduction to Isometri- 
cal Drawing, and an Essay on Linear Perspectire and Shadows. 
With over 200 diagrams on ateel. By William Misifie, Arcliiteot. 
With an Appendix on the Theory and Application of Colors. 



Miniflc's G-eoinotrioal Dra^ving- 
New Edidan. Enlarged. 12mo. Cloth. $2.00. 

Geometrical Dkawisg. Abridged from tlie octavo edition, for the 
use of Schools. lUustrated with 43 steel plates. 



Free Hand Dra^ving 

Profosely niostcated. ISmo. Boards. 60 



A Guide to Ornambktal, Figure, and Landscape Drawing. By a 
Art Student. 



Tlie Mecliaiiic's Friend. 

12ino. Cloth. SOO Illustrations. £1.90. 
The Mechanic's Friend. A Collection of Eeceipta and Practical 
Suggestions, relating to Aquaria — Bronzing — Cements — Drawing — 
Dyes — Electricity — Gilding — Glass-worki ng — Glues — Horology — Lac- 
quers — Locomotives — Magnetism — Metal-working — ModeOing — Pho- 
tography — Pyrotechny — Railways — Soldera — Steam-Engine — Tele- 
graphy — Taxidermy — Varn ish es — Waterproofin g — an d Miscellaneous 
Tools, ListruraeatB, Machines, and Processes connected with the 
Chemical and Mechanical Arts. By William E. Axon, M.R.S.L. 



Harrison's Mechanic's Tool-Book. 

44 lUiostrations. I2mo. Cloth. $1.50. 

Mechanics' Tool Book, with Practical Kules and Suggestions, for th9 

use of Machinists, Iron Workers, and others. By W. B. Hakkisox. 



Randall's Qnartz Operator's Hand-Book:. 

JSjne. Cloth. S3 00. 
Quartz Operatok'8 Hand-Book. By P. M. Randall, New 
edition. Revised and Enlarged. Fully illustrated. 
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Joynson on Macliiiie Gearing. 

8vo. Cloth. $2,00. 

The Mechanic's and Student's Guide in tlie designing and Con" 
etructioiiof General Maoliine Gearing, as Ecoontrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curbed Surfaces. 
Edited by Fkascis II. Joyxsox With 18 folded plates. 

jVTax-svoll's Matter and Motion, 
IC-no. Bonrds. S16 pages. 50c. 
Matter akd Motion. By Prof. J. Clabk Maxwell. 

Barnes' Submarine Warfare. 

Bvo. Cloth. $5.00. 

Submarine Wabfake, Defensive and OrrENSiTE. Descriptjona 
of the various forma of Torpedoes, Submarine Batteries and Torpedo 
Doala actually used in War. Methods of Ignition by Machinery, 
Contact FuzeE, and Electricity, and a full account of experiments 
made V> determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect upon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithogrftphia 
plates and mauy wood-cuts, 

Foster's Submarine Blasting. 

4to. Ooth. 33.50. 
ScBMARiKE BLAaTixo, in Boston Harbor, Massachusetts — Removal of 
Tower and Uorwin Kocks. By John G. Foster, U. S. Eng. and 
Bvt. Major-General U. S. Army. With seven plates. 

Flympton's Aneroid. Barometer. 

IBmo. Boards, illustrated, 50e. Morocco, $1.00. 
The Aneroid B.\rometbr : Its Cooatruction and Use, compiled from 
several sources. 

"Williamson on tlie Barometer. 

4to. Cloth. 815.00, 
On the Use op the Barometer on Surveys and Recosnab 
BAKCE3. Part I. — Meteorology iu its Connection with Hypsoraetry. 
Part n. — Barometric Hypsometry. By R. S. Williamson, Bvt 
Lt.-Col. U- S. A., Major Corps of Engineers. With illustrative tablei 
and engravings. 
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■Winiamson's Meteorological Tables. 

Ito. Flexible Cloth. $2.5a 

Practical Tables in Meteorology akd Htpsombtkt, in connection 

with the use of the Barometer, By CoL R. S. Williamson, U.S.A. 



Butlei-'s Projectiles and Rifieci J^anixon. 

4to. Se plates. Clotli. ST.oa 

PjtoJECTiLE3 AND EiFLED Cannon" A Critical Discussion of the 

Principal Systems of Rifling and Projectiles, with Practical Sugges- 

tiouH for their Improvement. By CapL John S. Butlkb, Ordnance 

Corps, U. S. A. 

Benet's Clironoscope. 

Secoud Edition. Illustrated. 4to. Cloth, 83,00, 
Elbctro-B ALL! STIC Machines, and the Schultz Chronoscope. Bj 
Lt.-Col. S. V. Bknet, Chief of Ordnance U. S. A. 



Micliaelis' Chronograph. 
4Ui. lllustratod. Cloth. S3.00. 
The Le Boulkkgk Chronoqrapii. With three lithographed folding 
platea of illustrations. Ej Evt. Captain 0. E. SIichablis, Ordnanc* 
Corps, U. S. A. 

Nugent on Optics. 

12mo. Cloth. 81.50. 
Treatise on Optics ; or, Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Indiistrial Pursuits. 
By E. Nugent. With 103 illustrations. 



Peirce's Analytic Mechanics. 

4to. Cloth. $10.00. 
System op Analytic Mechanics. By Benjamin Pbirck, Pro- 
fessor of Astronomy and Mathematics in Harvard University. 



Craig's Decimal System. 

Squara 32!no. Limp. SOo. 

Weights and Measures. An Account of the Decimal System, with 

Tables of Conversion for Commercial and Scientific Uses. By B. P. 

Craig, M.D. 
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Alexander's Dictionary ofWeights and 

Measures. 

New Edition. 8vo. Cloth. SS.EK). 

Universal Dictionauy of Wkights akd Measorks, Ancient and 

Modern, reduced to tha standards o£ the United States of America. 

By J. 11. Alexander. 

Elliot's European Eight- Houses. 

51 Engravings and 31 Wood-cuts. 8vo. Cloth. 85.00. 

European Lihiii'-Hoube Systems. Being a Report of a Tour of 

Inspection mada in 1873. By Major George H. Elliot, U. S. 



S-weet's Report on Goal. 

With Maps. s™. Cloth, jaoo. 
Special Report qs Coal. By S. H. Sweet. 



ColbTirn's Gas "Works of London. 

IBmo. Boards. 60 cents. 

Gas Works or London. ByZEHAH CoLnuRN. 

Walker's Scre^w Propulsion. 

8vo. Cloth. 75 cents. 
Notes on Screw Pro 
Wa 

Pook on Shipbuilding. 

8vo. Cloth. Illustrated, 85,00. 

Method op Prepaeinq the Lines asd Dkaughtino Vessels 

Propelled by Sail or Steam, including a Chapter on La.jing-ofE 

on the Mould-loft Floor. By Samuel M. Pook, Naval Constructor, 

Saeltzer's Acoustics. 

12mo. Cloth, 83-00. 
Treatise on Acoustics in connection with Ventilation. By Alex- 
ander Saeltzer. 

Eassie on 'Wood and its Uses. 

250 niuEtrationa. 8vo. Cloth. $1.50. 

A Hand-book fob the Ubb op Contractobs, Builders, Architects, 

Engineers, Timber Merchants, etc., with information for drawing up 

Designs and Estimatea. 
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Wanklyn's Milk Analysis. 

lamo. Cloth. Sl.OO, 

Milk Analysis. A Practical Treatise on the Examination of llilk, 

and its Derivatives, Cream, Uutter, aud Cheese. Bj J. Aifkild 

WANKLyx,M.K.C.S. 

nice Se Jolinson's Differential Functions. 

Paper, l'2ma. 50 cents, 
Os A New Method of Obtaining the Differentials or Func- 
tions, with especial reference to the Newtonian Conception of Rates 
or Velocities. Bj J. Minot Kice, Prof, of Mathematics, U. S, Navy, 
and W. WooLSET Johnson, Prof, of Mathematics, St, John's 
College, Annapolis. 



Coffin's Navigation. 

Fifth Edition. 12ino. Clotli. $3.50. 



Navioation and Natjtical Asteonomt. Prepare-d for the use of 
the U. S. Naval Academy. By J, H. C. Cofpin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-cut illustra- 



Clark's Theoretical Navigation, 

8vo. Ooth. $3.00. 

Theoretical Navigation and Nautical Asteonomt. By Lewis 
Clabk, Lieut. -Commander, U. S. Navy. Illustrated with 41 wood- 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

8vo. Paper, jaOO Cloth, $3,73. 

DiCTioNART OP Elevations and Cli-uatio Ekgistbe op thh 
United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall ot many 
Localities ; with a brief introduction oa the Orographic aud Physical 
Peculiarities of North America. By J. M. Toner, M.D: 
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Lorinff's Magnetic Telegraph. 

18mo. Illustrated. Paper boards, COo. Ootli, 75c Morocco, 81.00, 

A Hakd-Book of the Electeo Magnetic Telegbaph. By A. E. Lob- 
iNQ, a practical Telegrapher. 



Da-vis & Rae's Electrical Diagrams. 

Oblong 8vo. Cloth extra. $3.00. 

Hand-Book of Elbctkical Diagrams and Connections. By Ckakleb 
H. DA^riB and Fiiank B. Eae. Illustrated witii 33 full page Illustra- 
tions. Second edition. 



Pope's Modem Practice of the Electric 
Telegraph. 

Klntb EditioQ. 8to. Cloth. $2,00. 
A Hand-book for Blbctricians and OpBitATOna, By Frank L. PorE, 
Kintli Edition. Revised and enlarged, and fully illustrated. 



Sabine's History of the Telegraph. 

Second Ed[lion. 12nio. Clotb, SI. 25. 

HiSTOKT AND Progress of the Electric Telegraph, wiii Descrip- 
tions of some of the Apparatus. By Robert Sabike, C. E. 



Haskins' Galvanometer. 

16mo. lUuatrated, Morocco. 81.50. 

The Galtasometer and its Uses ; — A Manual for Eloctricians and 
Students. By C. II. Haseins. 



Larrabee's Secret Letter and. Telegraph. 

ISmo. autli. tl-00. 

Cipher and Secret Letter and Telegratiiic Code, with Hogg's Im- 
provements. By C. S. Larrabeb. 
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Rose's Pattern Maker. 

8vo. Cloth. 350 pages. 83.50. 
The Pattebn Makbrs' Assistabt, umbracing Latlie Work, Brancli 
Work, Core Work, Sweep Work, and Practical Gear Construcions, the 
Freparation and Use of Tools, togefher with a largo collection of use- 
ful and valuable Tables. By Joshua Rose, M. E. Illustrated wiiJi 350 
EugrariDgs. 

Scribner's Pocket Companion. 

IGmo. 2etp!i!^s. Full Morocco. SI. SO. 

Enbinbbrs' aot> Meohakics' Compasion, comprisrng tJoited States 
Weigbta and Measures ; Mensuration of Superflcea and Solida ; Tables 
of Squares and Cubes ; Square and Cube Roots ; Circumference and 
Areas of Circles ; the Mechanical Powers ; Centers of Gravity ; Gravita- 
tion of Bodies ; Pendulums ; Specific GraTity of Bodies ; Strengtb, 
Weight and Crush of Materials ; Water Wheels ; Hydrostatics ; Hy- 
draulics ; Statics ; Centers of Percussion and Gyration ; Friction Heat ; 
Tables of the Weight of Metals ; Scantling, etc. ; Steam and the Steam 
Engine. By J. M. Scribmbe, A. M. Eighteenth edition, revised. 



Soribner's Table- Book. 

16mo. 264 pages. Full Morocco. »1.50. 

ENanTEERs', CoNTRACTOBs' and Surveyors' Pocket Table-Book : Com- 
prisingLogarithmsof Numbers, Logarithmic Signs and Tangents, Natu- 
ral Signs and Natural Tangents, the Traverse Table, and a full and 
complete set of Excavation and Embankment TabJos, together witb 
numerous other valuable tables for Engineers, etc. By T, M, Sciub- 
, A. M. Tenth edition, revised. 

Fanning's "Water-supply Engineering. 

8vo. Clotli. 619 pages. $S.O0. 

Treatise on the Theory and Practice of Gathering and Storing 
Watek for Power and Domestic Use. Fully Illustrated witli De- 
signs and Diagrams. 

Plympton's Planisphere- 

Printed in Colore on fine Card Board, and in occordance with Proctor's Stat 
Atlaa. SXOO. 

The Star Finder ob PLAuispnEiiB, with Movable Horizon. Ar- 
ranged by Prof. G. W. Plimpton, A. JL 
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Sch-umaiui's Heating and Ventilation. 

12mo, Morocco, SI.50. 

A Makhal op Heatino ast> Vkntujltion ni iTa Pkacticai. Applica- 
tion for the use of Engineers and Architects, embracing a series of 
Tables and Formulte for dimensions of Heating, flow and return Pipea 
for steam aud hot water boilers, flues, etc., etc. By F. Scqumahn, 
C. E., U. S, Treasury Dept- Illustrated. 



Clark's Complete Book of Reference for Me- 
ohanical Engineers. 

Large 8vo. iC12 pages. Cloth, S7.50. Half Morocco. 8I0.O0, 

A 5IAHCAL OF Rules, Tables and Data fok Mechakical Ekgihbbrs. 
Based on the most recent investigations. By Dasibi. Kinbeab Clabk. 
Illustrated with numerous Diagrams, 



"Weyraucli's Iron and Steel Constructions. 

12 mo. Clotb, Sl.OO. 

STRENaTH AND CALCotATroN OB* DIMENSIONS OF" Ieon and Steel Con- 

STBUCTiONa, with reference to the latest experiments. By J. J. Wey- 

KATTCH, Ph. D., Professor Polytechnic School of Stuttgart, with four 

folding plates. 

Jannettaz on Rocks. 

ISmo. Qoth. 168 pages. S2.00, 

A OifiDB TO THP Detebmination OP EocKS, feeing an Introduction to 
Lithology. By Edward -Jabnettaz. Translated from the Preach by 
Geo, W. Plympton, C. E., A. M. Illustrated, 



Shield's Notes on Engineering Construction. 

12mo. Cioth, $1,50. 
Embracing Discussions of the Principles involved and Descriptions of 
the Material employed in Tunneling, Bridging, Canal and Eoad Build- 
ing, etc., etc. By J, E. Shields, C. E. 
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Eddy's Graphical Statics. 

8to. Cloth. 122 pases. Sl.SO. 

REBEA.ECHE3 IN GRAPinCA,i< St^ticb, embracing ' New Constructions in 

GraphicaJ Statics, a new General Method in Graphical Statics, and. the 

Theory of Internal Stress in Graphical Statics. By Prof. Ebkky T, 

Eddy, of the University of Cincinnati. 



Half Hours -with. Modern. Sciontists. 

2 vole. VSrao. Ooth, lUustraled, S2.50. 

Lectures akd Essays. By Professors Hokley, Bahkbr, Btibltno, 
Cope, Tyndall, Wallace, Roscob, Huggins, Lockybr, Yoonq, 
Maybe, and Reed. Being the University Series bound up. With a 
general introduction by Noah Pokteb, President of Tale College. 



Shunk's Engineers Pocket Eook. 

12mo. Morocco. 
The Field Esginber. A linndy booli of Practice in the Survey, Loca- 
tion, and Trackwork of Railroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both the Standard and 
Narrow Gauge, and prepared with special reference to the wants of the 
Young Engineer. By Wu. Findlat Shonic, C. E. , Chief Engineer of 
the Construction of the Metropolitan Elevated Railroad. (In Press.) 



Adams' Sewers and. Drains. 

12niO. Ooth. 

SEWEEa AND Drains for Populous Districts. Embracing Rules and 
Formulas for the dimensions and construction of works of Sanitary 
Engineers. By Julius Adams, C. E. (In press.) 



'McElroy's Papers on Hydraulic Engineering, 

8to. Paper. 60 cents. 
The Hempstead Stobaqe Besekvoir op Brooklyn, its Engineering 
Theory and Results. By Samuel McElroy, C. E. 

Spinoza's Ethics. 

8vo. Clolh. $3.00. 
The Ethics of Benedict db Spinoza. Demonstrated after the method 
of Geometers, and Divided into Five Parts. From the Latin ; with an 
introductory Sketch of his Life and Writings. 
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VAN NOSTEAND'S SCIENCE SERIES. 

It is the intention of the Publisher of this Series to issue them at 
intervals of about a month. They ■will be put up in a uniform, neat, 
and attractive form, ISrao, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics as 
possible, all of the highest charan^ter. 

Price, 50 Cents Each. 

L Chimneys for Furnaces, Fire-places, and Steam Boilers. By 
R. Armstkokg, C.E. 

II. Steam Boiler Explosions. By Zeeah Colbuun. 

III. Practical Designing OP Retaining Walls. By Arthur Jacob, 
A.B. With Illustrations. 

IV. Proportions of Fins Used is Bridges. By Cuablrs E. 
Bender, C.B. With Blustrations. 

V. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

VI. On theDbsioning and Construction of Storage Reservoirs. 
By Arthur Jacob. With Illustrations. 

VII. Surcharged and Different Forms op Retaining Walls. 
By James S. Tate, C.E, 

Vin. A Treatise on the Compound Engine. By John Turnbull. 
With Illustrations. 

IX. Fuel. By C.William Siemens, to which is appended the value of 
Artificiai. Fuels as Compared witu Coal, By John Worm- 
ALD, C.E, 

X. Compound Engines. Translated from the French of A. Mallet. 
Illustrated. 

XI. Throry op Arches. By Prof. W. Allan, of the Washington and 
Lee College. Illustrated. 

XII A Practical Theory op Vocssoir Arches. By William Cain, 
C.E. Illustrated 
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XIII. A PsACTicAL Treatise otf the Gases Met With in Coal 
Mixes. By the lata J. J. Atkinson, Government Inspector ol 

Mines for the County of Durham, Eugland. 

XIV. Friction of Am in Mines. By J. J. Atkinson, author of " A 
Practical Treatise on the Gases met with in Coal Mines." 

XV. Skew Arches. By Prof. E. W. Hyde, C.E. Elustrated with 
numerous engravings and three folded plates. 

XVI. A GuAPHic Mbtiiod fob Solving Certain Algebraic Equa- 
tions. By Prof. George L. Vose. With Bluatrationa. 

XVn. Water and Water Suitly. By Prof. W. H. Corfield, 
M.A., of the University College, London. 

XVIIL Sewerage and Sewagb Utilization. By Prof. W. H. 
Corfield, M.A., of the University College, London. 

XIX. Strength op Beams Undek Transverse Loads. By Prof, 
W. Allan, author of "Theory of Arches." With Illustrations 



XXL Safety Valves. By Richard H. Buel, C.E. With lUustra- 

XXn. High Masonry Dams. By John B. McMasters, C.E, 
With Illustrations. 

XXm. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From, ttie German of 
Prof. LuDWio SrANOENBERO. With a Preface by S. H. Shrevb, 
A.M. With Illustrations. 

XXIV. A Pbacticai, Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph, By S. W. Robin- 
son, Prof, of Mechanical Engineering, Illinois Induatjial University. 

XXV. Theory and Calculations of Continuous Bridges. By 
Mansfield Mbrkiman, C.B. With Illustrations. 

XXVI. Pkactical Treatise on the Profebties of CoNTiNrotra 
BrnDQES. By Charles Bender, C.E. 
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